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Editorials 


‘Torsade de pointes: chaos, sixteen years on? 


As early as 1923 it was recognised that quinidine could 
cause sudden death,’ but it was not until 1964 that the cause 
of quinidine syncope was unequivocally established as a 
form of paroxysmal ventricular arrhythmia.? In 1966 
Dessertenne of Paris reported his fundamental observa- 
tions on the characteristics of the arrhythmia and proposed 
the term torsade de pointes.’ (Even now there is inconsis- 
tency in French publications about the plural usage.) He 
noted an association with bradycardia and that quinidine 
and similar antiarrhythmic drugs could induce the arrhyth- 
mia and were associated with a high mortality when used 
for its management. The arrhythmia seemed to be an 
idiosyncratic reaction to therapeutic or sub-therapeutic 
doses of the drug and not a manifestation of toxicity. 

Although itis 16 years since the British Heart Journal first 
drew the attention of English speaking cardiologists to 
torsade de pointes,’ it had been briefly discussed two years 
earlier’; indeed, while isolated instances of this arrhythmia 
had been reported previously in English language journals, 
its nature and the circumstances surrounding its occur- 
rence had been poorly described. This is no longer the case 
and there are now extensive publications from many 
countries. Effective treatment is available for most varieties 
of this condition, but it is not clear that the clinical 
recognition of the arrhythmia, and therefore its man- 
agement, has generally improved. Although understanding 
of the arrhythmia at a practical, clinical level has increased, 
the basic electrophysiological mechanisms underlying tor- 
sade de pointes remain obscure despite a decade and a half 
of research. 


Definition and diagnosis 

The essential features of the diagnosis are of a variant of 
paroxysmal ventricular tachycardia associated with prolon- 
gation of the QT interval (more accurately the JT interval) 
or prominent U waves’ which may be hard to distinguish 
from the end of along T wave.® However, QT prolongation 
or U waves may appear only briefly before the onset of the 
arrhythmia. ‘Typically the QRS axis changes direction in an 
undulating fashion during paroxysms. Occasionally parox- 
ysms appear uniform. Episodes may be brief, consisting of 
only a few complexes, or prolonged when they may 
degenerate into ventricular fibrillation. Between episodes 
pauses are also often observed on the electrocardiogram.? 


Underlying mechanisms of arrhythmia 
Clinically, torsade de pointes is a heterogeneous condition 
and there is no reason why the basic mechanisms under- 


lying the arrhythmia might not also vary. However, there 
are several unifying features on the electrocardiogram that 
suggest that a common substrate may exist. 

The response to sympathetic stimuli identifies two main 
types of torsade de pointes. One is associated with 
bradycardia and ventricular pauses and improves with 
sympathetic stimulation, which increases the ventricular 
rate. This form tends to occur in older patients who are 
more likely to have conduction defects and perhaps also to 
receive antiarrhythmic agents. The other is precipitated by 
increased sympathetic activity. This tends to occur in 
younger subjects and is sometimes associated with sen- 
sorineural deafness.’*® Episodes of bradycardia may also be 
seen between events in these patients. 


Possible role of reentry 

The propagation of the activation wavefront, the action 
potential duration, and the process of repolarisation are 
asynchronous events. There are several gradients within 
the heart, with the time for repolarisation being shorter 
near the apex than near the base and shorter near the 
epicardium than near the endocardium, which accounts for 
the fact that QRS and T wave polarity are usually the 
same.? The QT interval encompasses the time from first 
activation of the ventricular myocardium to the final 
repolarisation. Thus the QT interval may be prolonged if 
any of the above three phases is delayed. Regional changes 
in the above events will lead to regional variations (disper- 
sion) in the refractory period, predisposing to reentry 
arrhythmias. Such arrhythmias may propagate in irregular 
patterns as areas with prolonged refractory periods are 
encountered which act as shifting inexcitable island 
barriers to the progress of ventricular activation. Both 
bradycardia and quinidine-like agents can exacerbate the 
heterogeneity of repolarisation and increase the likelihood 
of reentrant arrhythmias.'° However, if torsade de pointes 
were due to reentry a sustained ventricular tachycardia of 
this type should be inducible by an electrical stimulus 
during the TU wave, which was not the case at least in our 
early experience,'! and subsequently that of others. This is 
strong evidence against the reentry theory. 


Possible role of “chaotic” behaviour 

More recently, chaos theory has been applied to the study 
of ventricular arrhythmias. In common parlance chaos 
refers to disorder. However, scientists have appropriated 
the term to indicate the underlying orderliness of apparent 
disorder.’? Thus true random “‘noise” in any system is not 


“chaos”. In the dynamics of chaos, two initial conditions 
that are very similar will eventually behave very differently 
as time proceeds owing to subtle interactions with their 
environments. There are definite rules underlying this 
process, which can be detected and defined by mathematical 
equations. 

The reason for alterations in a stable heart rhythm might 
be changes in electrolyte concentrations, variations in 
autonomic tone, or myocardial ischaemia. Any of these 
perturbations will alter the behaviour of the myocardium 
and the conduction system and will also have effects on 
other systems that modulate cardiac activity. Ultimately 
the perturbation will feed back on itself (reinforcing or 
diminishing the effects of the original intervention), closing 
the loop. For instance, myocardial ischaemia may lead to 
increased sympathetic activity and hence an increase in 
heart rate and contractility which in turn may aggravate the 
ischaemia. At the moment chaos theory is largely con- 
cerned with detecting the presence of such interactions but 
has not advanced far enough to predict the outcome. 

In torsade de pointes, ventricular pauses or imbalances 
in autonomic tone could act as perturbations in a normally 
stable rhythm. Although models of torsade de pointes have 
not been studied specifically for evidence of chaos, ven- 
tricular tachycardia and fibrillation have.” In these models 
there is evidence of chaotic behaviour before the 
appearance of ventricular fibrillation, but ventricular 
fibrillation was not itself thought to be chaotic. The 
perturbations which might lead to chaos in these models 
also lead to an ideal substrate for reentry arrhythmias, and 
these, rather than a true chaotic system, seem responsible 
for ventricular tachycardia and its degeneration to fibrilla- 
non. 

Chaos in the technical sense is not necessarily unstable, 
and indeed it is likely that chaos is a healthy state in most 
biological systems.'* For instance the heart rate varies 
continually under the influence of the autonomic nervous 
system which itself changes the input to the heart according 
to various factors including the level of mental, emotional, 
and physical activity; respiratory phase; and blood pres- 
sure. When cardiac disease supervenes (for example, heart 
failure) the heart rate becomes fixed, the normal chaotic 
behaviour is lost, and the risk of sudden cardiac death 
increases.» 


Possible role of early afterdepolarisations 

As defined by Cranefield and Aronson," an early afterde- 
polarisation is a depolarising afterpotential that begins 
before repolarisation would normally be complete. Lately, 
the idea that the U waves represent early afterde- 
polarisations has gained ground.” At the cellular level the 
rate of repolarisation depends on the rapidity with which 
potassium is ejected from the cell, which far outweighs the 
usual slower continued influx of calcium and sodium.” 
However, if the egress of potassium is slowed or halted,'*” 
the inward flow of calcium and sodium will slow or reverse 
the normal repolarisation of the cell thus producing early 
afterdepolarisations. If the early afterdepolarisations are 
sufficiently large they may trigger further action potentials 
and themselves lead to the production of arrhythmias. 
Caesium by blocking potassium repolarising currents can 
provoke early afterdepolarisations, QT(U) abnormalities, 
and arrhythmias and thus produce a condition identical 
with torsade de pointes.” 

Several observations on the clinical setting of torsade de 
pointes support a role for early afterdepolarisations. 
Electrolyte disturbances can cause prolongation of the QT 
interval. Hypokalaemia and hypomagnesaemia both in- 
crease the QT(U) interval and early afterdepolarisations 
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and may provoke torsade de pointes, while magnesium 
given intravenously may suppress.torsade de pointes even 
in the absence of hypomagnesaemia.”) Indeed, a case of 
what was clearly torsade de pointes responding promptly to 
parenteral magnesium was reported over 50 years ago.” 
However, acute potassium supplementation does not seem 
to be effective even when the serum potassium is low.” 
Hypocalcaemia causes QT prolongation, mainly by in- 
creasing ST segment prolongation rather than TU wave 
prolongation, and it has not been implicated as a cause of 
torsade de pointes.* Bradycardia provokes early afterde- 
polarisations, especially in the presence of low extracellular 
potassium concentrations and in the presence of low 
concentrations of quinidine.'* Bradycardia may facilitate a 
hypokalaemic micro-~environment around the cell because 
a prolonged diastole would allow the sodium/potassium 
pump to operate for an extended period. Caesium blocks 
potassium channels during the repolarisation phase of the 
action potential and can accentuate early afterde- 
polarisations and provoke arrhythmias.” This is especially 
likely if the sodium channel has not been blocked by 
tetrodoxin. 

Sympathetic stimuli can increase not only late but elso 
early afterdepolarisations in animal models of torsade de 
pointes,”“*’ probably by enhancing inward sodium and 
calcium currents during repolarisation or by inducing local 
hypokalaemia by stimulating cellular potassium uptake. 
The occurrence of familial forms of the disease, often 
associated with sensorineural deafness, fits better with a 
general disturbance of cardiac myocyte function rather 
than a reentry mechanism.” Patients susceptible to torsade 
de pointes due to one class of quinidine-like antiarrhythmic 
agents may develop torsade de pointes when given another 
such agent. Occurrence of torsade de pointes with the 
related antimicrobial agents erythromycin and penta- 
midine” ” (the latter now used for complications of AIDS) 
further supports a generalised disturbance of cell function. 

Our understanding of torsade de pointes has expanded 
considerably over the past 16 years. Basic science has 
developed models of the condition that reveal the under- 
lying electrophysiological disorder which might help 
predict the likely effect of new drugs. 

Although the direct experimental evidence is not con- 
clusive the circumstantial clinical evidence points strongly 
towards a role for early afterdepolarisations in the genesis 
of torsade de pointes, which may not be so far from 
Dessertenne’s original theory of alternating ventricular 
foci. Indeed, Dessertenne may have coined what is now a 
relevant phrase with his reference to “‘order and chaos in 
electrocardiography”’.” 


JOHN G F CLELAND 
DENNIS M KRIKLER 
Cardiovascular Division, 
Royal Postgraduate Medical School, 
Hammersmith Hospital, 
Du Cane Road, 


London W12 ONN 
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Is there chaos in cardiology? 


A recent paper stated that “‘the health care system in the 
United States is in chaos.” Though I am sure readers 
know what was meant, we have to be careful these days 
about the definition of chaos. Consulting a medical 
dictionary is unhelpful because there, chaos (Pelomyxa 
carolinensis) is an amoeba.” Descriptions in Webster’ (“a 
state of things in which chance is supreme . . . nature that is 
subject to no law . . . a state of utter confusion completely 
wanting in order, sequence, organisation or predictable 
operation”) do not quite cover the modern, mathematical 
redefinition of chaos. 

The new chaos is characterised by deterministic 
behaviour, where irregular patterns obey mathematical 
equations and are critically dependent on initial 
conditions.* Modern chaos theory has been applied to a 
wide variety of biological phenomena’ and has become 
quite fashionable. In certain circles you are regarded as a 
barbarian if your conversation is not garnished with terms 
such as Hopf bifurcation points, Liapunov numbers, phase 
locking, or fractals. 

Chaos theory has been used in two areas of cardiac 
electrophysiology: (a) the behaviour of cardiac tissue, or 
isolated myocytes, during repetitive stimulation and (b) 
fibrillation and prefibrillatory states. 

Chaos is irregular behaviour occurring in a nonlinear 
dynamic system. Cardiac cells may have several nonlinear, 
time-dependent variables (for instance supernormal 
excitability) and may exhibit irregular response patterns at 
a certain stimulation frequency.°’ When isolated sheep 
Purkinje fibres exposed to a solution containing 7 mmol/l 
K* are repetitively stimulated at progressively faster rates, 
the so-called devil’s staircase is seen, where 1:1 responses 
change into 2:1 and 3:1, with intermediate Wenckebach 
periodicity between the 1:1 and 2:1, and 2:1 and 3:1 
responses. No irregular activity occurs. When, however, 
the extracellular K* concentration is lowered to 4 mmol/l, 
and the fibres exhibit a brief period of supernormal 
excitability during the repolarisation phase, deterministic 


chaotic behaviour occurs at certain cycle lengths: either the 
stimulus-response pattern shows complex irregularities 
where no sequence is ever repeated in exactly the same way 
(this occurs at cycle lengths around 200 ms), or at cycle 
lengths of 50 ms the relation between cycle length and 
action potential amplitude is chaotic.’ This example is 
chosen to show, on the one hand, that chaotic behaviour 
can indeed be induced in cardiac tissue, and that some 
satisfaction can be derived from the consideration that a 
unifying concept, chaos theory, links the stimulus- 
response patterns in cardiac cells with other phenomena 
such as growth during embryonic development’ or the 
activity of phrenic nerves during mechanical ventilation of 
anaesthetised, paralysed cats.’ On the other hand, the 
conditions in which chaotic activity arises are extreme: 
artificial stimulation of isolated tissue at a certain K+ 
concentration at unphysiological frequencies. 

Can chaotic behaviour be detected in “naturally” 
occurring rhythms? The obvious candidate for study is 
ventricular fibrillation, which traditionally has been called 
chaotic in the Webster sense. The identification of chaos in 
an existing rhythm is difficult. One technique is power 
spectrum analysis. A broad-band power spectrum is 
associated with chaos; however, ordinary random noise has 
a broad power spectrum as well. The power spectrum of 
electrocardiographic recordings during ventricular 
fibrillation is narrow’ ® and Kaplan and Cohen concluded 
from their analysis that “there is little utility in classifying 
fibrillation as chaotic.’?? Would it be useful if fibrillation, or 
any other rhythm or conduction disorder, could be 
classified as chaotic? In this respect, the investigators in the 
chaotic domain are very enthusiastic: “A finding that 
ventricular fibrillation is chaos would suggest that there is a 
single mechanism at work in VF, and would provide 
guidance in the search for clinical precursors of VF”;” 
“=. such new theories may help to strengthen the ties 
between the basic scientist and the cardiologist by opening 
new research avenues which may lead to the disclosure of 
the fundamental mechanisms of severe cardiac arrhythmias 


and sudden death”’;’ “The application of nonlinear systems 
theory to electrophysiology . may have clinical 
implications.”” In a recent paper, describing a relation 
between T wave alternans in dogs with acute coronary 
artery occlusion and subsequent fibrillation, it was claimed 
that “a new approach is provided for quantification of 
susceptibility to malignant arrhythmia” and that ““T wave 
alternans may represent a prechaotic state because 
bifurcate behaviour is the hallmark of chaos.”™ 

These quotes indicate that a great deal is expected from 
studies applying chaos theory to cardiac rhythms: more 
insight into arrhythmogenic mechanisms and the identi- 
fication of individuals at high risk for sudden cardiac death. 
It is here that I have my doubts. Certainly, new avenues 
should be explored, and possibly “we are sure to see 
dramatic advances in the field’? if we use nonlinear 
dynamics as a tool to study complex cardiac rhythms. 
In my view, however, cardiac arrhythmias ultimately have 
to be understood in terms of cardiac electrophysiology, 
and are due to changes in variables such as conduction 
velocity, excitability, automaticity, afterdepolarisations, 
electrotonic interactions between areas in the heart with 
different electrical properties, which in their turn are due to 
changes in properties of ionic channels, pumps, and 
receptors in cellular and subcellular membranes. Is my 
understanding that T wave alternans may be a harbinger of 
ventricular fibrillation in acute ischaemia improved because 
it is a prechaotic state (presumably leading to “‘chaotic”’ 
fibrillation where chaos is used in the old sense and not in 
the modern one) or because it marks the development of 
post-repolarisation refractoriness which sets the stage 
for unidirectional block, one of the prerequisites for 
re-entry?” 14 

In my opinion our insight into arrhythmogenesis will be 
advanced by the application of chaos theory only if the link 


Janse 


between “‘modern” chaos theory and “old fashioned” 
electrophysiology is established. Here, a mathematician 
who can model iterative non-linear systems and who 
understands the language of the cardiac electrophysiologist 
and of the practicing cardiologist may be of help. 
MICHIEL J JANSE 


Department of Clinical and Ex tal Cardiology, 
Academic Medical Centre, Untversity of Amsterdam, 
Metbergdreef 9, 1105 AZ Amsterdam Zuidoost, 

The Netherlands 
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ASSISTED Comprehensive information about 
VENTILATION assisted ventilation 


Many doctors, including those in training, care for patients in the intensive 
care unit. Too often such doctors do not know the details of ventilation 
techniques; yet if they are to feel at home on the intensive care unit they must 
be familiar with all aspects of asststed ventilation. 
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In this short comprehensive guide to the subject thoracic physicians, 
intensive care specialists, and anaesthetists take the reader through from the 
theory, equipment, and techniques to the latest advances in non-invasive and 
domiciliary venulation. 

Edited by John Moxham, professor of thoracic medicine at King’s College 
School of Medicine and Dentistry, London, Assisted Ventilation gives 
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LIPOSTAT is water soluble. Unlike a fat soluble statin. 
LIPOSTAT was not detectable in the CSF*. 

In contrast to a fat soluble statin, in a sleep laboratory 
controlled clinical trial LIPOSTAT was not associated with 
sleep disturbance’. 

Well accepted by patients, once nightly LIPOSTAT 
provides the power to help secure a healthy future. 
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Identification and Treatment of the Child 
with High Cholesterol 

Edited by M S Jacobson 

This monograph includes the epidemiologic rationale for a screening and treatment 
program, the history of pediatric interest in atherosclerosis and a review of the 
important lipid parameters. Hypercholesterolemia is described in terms of incidence, 


pathophysiology, genetics, differential diagnosis and treatment. Diet modification and 
growth monitoring are described in detail. 
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Dr Dennis M Krikler: Editor of the 
British Heart Journal 1981-91 


Dennis Krikler has been editor of the British Heart 
Journal for eleven years. During his tenure the journal 
has become a medium for the publication of high quality 
research papers in clinical cardiology. The scientific merit 
of the papers is matched by the quality of the editorial 
presentation and accuracy of the references, both always 
major concerns of Dennis Krikler. The citation index of 
the British Heart Journal is very respectable for its size, 
and at a more mundane level an astute business sense has 
helped Dennis Krikler to make handsome profits for both 
the British Cardiac Society and the British Medical 
Association who are joint partners in the publication. 
Scientific journal publishing is changing and journals 
must respond to the needs and desires of their readers. 
Part of this change has been the need for more reviews 
and postgraduate education in cardiological science in the 
broadest sense. Dennis Krikler has foreseen this change 
and strengthened these aspects of the journal. In this 
regard his close links with the American College of 
Cardiology and its extended learning programme 
(ACCEL) gave him wide access to current thinking in 
both basic science and clinical practice and led to many 
reviews appearing in the British Heart Journal. Dennis 
Krikler has always had an innate ability to detect the new 
approaches and facts that are important in altering 
concepts in management and treatment. 

Dennis Krikler has a style of editorship that avoids 
many of the pitfalls inherent in the position—so 
admirably outlined by Stephen Lock in this issue. Part of 
the style is the close interest taken in every paper. His 
letters to reviewers show clearly he has read the article; 
reviewers are selected personally, not as a random 
computer generated name. His letters to reviewers 
identify the strengths and weaknesses of the paper, as he 
sees them, without any hint of a closed mind on the 
subject. Questions are asked of the reviewers. These are 
attributes of the journal that we who follow him will need 
to continue. 

All of these facets of Dennis Krikler combine to ensure 
a high quality scientific journal. The new editors and the 
editorial committee have a hard act to follow but they 
have a firm bedrock on which they can and must build. 

The contents of this first issue of 1992 are a tribute to 
the editorship of Dennis Krikler. Many of the papers and 
reviews have an electrophysiological flavour reflecting the 
deep interest and advances he has made in this field. 

There are personal appreciations giving a clear account 
of Dennis Krikler’s wide international reputation as a 
clinician, scientist, and editor. His friends truly span the 
globe. Dennis Krikler’s own contributions to this issue 
cover, at one extreme, an analysis of torsades de pointes 
while, at the other, his knowledge of the literature led to 
studies on the histogenesis of atrial myxomas. It is 
particularly appropriate that the issue contains an 
important report confirming the gene defect in the family 
from which Donald Teare described one of the first cases 
of hypertrophic cardiomyopathy. The disease is one in 
which Dennis Krikler has always had a deep interest and 
has himself published on the drug treatment. The original 
paper by Teare in 1958 has been a “best seller” in the 
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British Heart Journal and the subject of a Current 
Contents citation classic review. It is an interesting 
reflection on the progress and history of medicine that 
within 34 years an important cardiac condition was taken 
from a first morphological description through increasing 
clinical recognition and finally to the definition of its 
molecular basis. Dennis Krikler has always had a deep 
interest in the history of cardiology and his lectures on 
this topic are truly scholarly and have been given to many 
national and international societies. It is also particularly 
seemly that the issue is rounded off by the Fourth Report 
of a Joint Cardiology Committee spotlighting the current 
state of British cardiology. 


M I DAVIES 
Editor, British Heart Journal 





Dennis Krikler: the editor 


When I was president of an international association of 
science editors I amused myself by pigeon-holing the 
editors of medical specialty journals into at least four 
groups. The first, Editor potestativus had that brand of 
arrogance characteristic alas of many doctors. Their 
knowledge and skills far outshone those of any expert, 
given that they knew more about architecture than the 
architects, high finance than full-timers in the City, and law 
than QCs. As new editors they were similarly quick to 
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perceive the iniquities of publication practices: for them, 
peer reviewers could and would provide better reports, 
more quickly; in future, there would be none of these 
senseless delays of five or six months in publishing, for 
under their guidance printers would reduce these to two 
months, or even less; and a word with the publisher’s 
promotion department would ensure that the journal 
quadrupled its circulation to the 10000 that only 
managerial incompetence had prevented its attaining. The 
learning curve of these editors and the obvious eventual 
outcome took up a lot of everybody’s time; more 
importantly these dissipated the editor’s energy and his 
creativity (the protagonist was almost always a he, for 
women doctors have much more humility). But the result 
was that during this editor’s reign the journal stood still. 

Any evolution of the journal was similarly hindered by 
my second type of editor, Editor negativus, or the 
abominable no man. Why should his journal change at all? 
New formats or features might be all right for the British 
Journal of Omphalology, but were not right for his journal. 
No further expert was needed to carry out that newfangled 
concept of statistical review, for if it were needed (and it 
very rarely was), why he and his fellow reviewers were 
quite skilled enough. And as for that proposal of structured 
abstracts, no he had not had the time to read the arguments 
in favour, but it was only yet another proposal by that self 
appointed bunch of full-time globe trotting editors—and 
he knew that the resulting illiterate mishmash would appeal 
to no one. 

Thirdly, there was the Editor planus (“‘my brother is an 
hairy man, but I am a smooth man’’). Appointed by his 
society, he was concerned solely to remain in its good 
books, with the prospect of ultimate preferment to its 
presidency. As a result, the journal was dominated by 
society affairs: papers were judged on who had written 
them, and not on merit, and expensive pages of an 
international journal were occupied by trivia better suited 
to a parish magazine. Readers and authors were quick to 
realise what had happened and went elsewhere; more sadly, 
perhaps, to right these wrongs they started yet another 
journal. 

Here I have to break off lest somebody assume that all this 
is based on a 17 year experience as chief executive of the 
BMJ. It is not. To be sure, it would be unconvincing to 
claim that none of our specialist journals had ever had a Mr 
Potestativus, a Dr Nihil, or a Professor Smoothie as its 
editor; the statistics of chance alone would ensure that they 
had. The surprising feature, however, is that they could be 
counted on the fingers of one hand, and the calibre, energy, 
and contribution of the remainder were outstanding. For 
there is a fourth type of editor, the Editor perfectus—usually 
typified by an outstanding clinician turned humble and 
creative editor—and none is a better example than Dennis 
Krikler. 

Given his achievements in cardiology (described 
elsewhere in this Festschrift), where has Dennis found the 
time to develop the British Heart Journal? For develop it he 
has. Not for him the thalamic technique of editing devised 
by some who want the kudos without the work—sending 
each article to two referees, taking their advice if they, agree 
On accéptance ‘or rejection or soliciting a third view if they 
disagree. Most referees have had personal letters from 
Dennis (who has already read the article in detail), and so 
have the authors eventually—to the dismay of the 
accountants but to the delight of the recipients and the 


betterment of the specialty. He has developed a strong 
back-up system: an editorial committee covering the 
subspecialities of cardiology as well as an inner cabinet of 
assistant editors. Nor has he neglected to ensure the 
editorial succession, identifying early somebody both able 
and willing to do the job and giving him suitable 
experience. 

As a result under Dennis the British Heart Journal has 
stood out from the general run of specialist journals for 
several reasons. Firstly, it has vigorously supported peer 
review for ensuring the high quality of the original articles, 
a policy that also included the early recognition of the 
frequent need for formal statistical review as well. 
Secondly, it has taken on the major journalological issues: 
the value of structured abstracts, the wastefulness of 
duplicate publication, and the need for vigilance in 
detecting fraudulent results. Thirdly, it has retained the 
civilised feel set by Dennis’s predecessors, particularly 
Walter Somerville and Kenneth Shirley Smith: the journal 
still prefers a literary style, abhorring abbreviations and 
jargon, and ensuring that the artwork is of the highest 
standard (particularly the quality of the colour 
reproduction). 

Despite all the evidence to the contrary, doctors persist 
in complaining about a “literature explosion’ or an 
“unchecked proliferation” of medical journals. But 
scientists have written and published at much the same rate 
and for much the same reasons for centuries, and, quite 
legitimately, as disciplines evolve with further sub- 
specialisation ever more journals are needed to serve them. 
The corollary is, of course, that the major specialist 
journals have had to become increasingly the general 
journals of their discipline, taking on some of the attributes 
of the non-specialist journals such as the Lancet or the 
BMJ. Thus to the original aim of the specialist journal— 
recording information about new research findings—has 
been added the other attributes of the general journal: 
instruction (editorials and review articles), unsolicited 
comment (letters to the editor), and miscellaneous (book 
reviews, news, points of view, and so on). When the new 
design of the BMJ specialist journals was introduced 
Dennis Krikler showed the mixture of conservatism and 


` radicalism that I suspect is the ideal recipe for an editor of 


any specialist journal. On the one hand, he fought hard to 
retain the visual identity of the journal, settling for the 
compromise of the white cover with a peripheral maroon 
band. On the other hand, he followed his own inclination, 
seizing the opportunity to expand some existing features in 
the journal and to introduce several new ones—including 
book reviews and particularly the historical vignettes (for, 
as his curriculum vitae shows, he has a longstanding 
interest in the history of cardiology, particularly 
electrocardiology). 

Dennis’s many friends at the BMJ will miss the unusual 
combination of competence, breezy energy, and emollient 
charm. But when the history of the specialty in Britain 
comes to be written, the signal importance of his editorial 
role at a crucial time will be recognised; st monumentum 
requirts, circumspice. 


© STEPHEN eee 
Editor, BMJ, 1975-91 
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Achievements in the 
United Kingdom 


It is a pleasure and privilege to contribute to this Festchrift 


for Dennis Krikler on his retirement as editor of the British — 


Heart Journal. 

Dennis arrived in the United Kingdom in 1967 with a 
high reputation from southern Africa, his last post there 
being consultant physician to the Salisbury Area Hospitals 
in what was then Rhodesia. He was appointed consultant 
physician to the Prince of Wales General Hospital and St 
Anne’s Hospital in north London. He quickly set about 
consolidating his teaching activities, and rapidly made a 
name for himself with his electrocardiographic teaching 
sessions, and in 1969 he became clinical tutor to the North 
London Postgraduate Medical Centre. 

Dennis soon became well known in cardiological circles 
in the United Kingdom, especially in London where he 
contributed to many meetings, and I well remember an 
excellent paper of his at a meeting of the Junior Cardiac 
Club at the Brompton Hospital. His election to the British 
Cardiac Society was assured and he became a member in 
1971. 

I came into close association with him when he joined the 
consultant staff at the Royal Postgraduate Medical School at 
Hammersmith Hospital—a joint appointment with King 
Edward Memorial Hospital at Ealing. He was a delightful 
and most helpful colleague and I was fortunate to work 
with him on problems of arrhythmia in hypertrophic 
cardiomyopathy and on many clinical occasions. He has 
been involved in organising, and participating in, many 
cardiological courses at Hammersmith notably on cardiac 
arrhythmias. For one of these courses he proposed that the 
title should be ““The Electric Heart”. In my elderly 
reactionary way, I thought this was rather avant-garde even 
for Hammersmith! But his gentle tactful perseverance 
persuaded me that this was an interesting and stimulating 
title (as indeed it was and as the enthusiasm for the course 
showed). 

Dennis is an excellent teacher; as a lecturer his message is 
clear, his illustrations superb, and his command of his 
audience always complete. His expertise in electro- 
cardiography in general and in electrophysiology in 
particular has gained him recognition in Europe and 
around the world—as the high regard in which he is held by 
experts in the field, such as Puech, Fontaine, Surawicz, 
Myerberg, Fisch, and many others testifies. He was a great 
friend of the late Leo Schamroth. 

A large part of Dennis’s contribution to British 
cardiology is his understanding and knowledge of 
arrhythmias, and his promotion of scientific clinical 
electrocardiography as an important area of cardiological 
research was a notable landmark. At Hammersmith he set 
up his programme of electrophysiological testing, and 
those he trained are now leading experts. In 1973, he 
obtained the MD for his thesis on the Wolff-Parkinson- 
White and related syndromes. 

His achievements while in the United Kingdom have 
been widely recognised at home by his election to the 
fellowships of the Royal College of Physicians of London 
and Edinburgh and around the world by the Sir William 
Osler Award of the University of Miami in 1981, the Paul 
Dudley White Citation for International Achievement of 
the American Heart Association, and the Medal of Honour 


+ 


of the European Society of Cardiology. He was elected an 
honorary fellow of the Council of Clinical Cardiology of the 
American Heart Association, and to the fellowship of the 
American College of Cardiology. 

Dennis’s professional talents are not confined to clinical 
cardiology and electrocardiography. In 1976, he became 
treasurer of the British Cardiac Society and proved 
remarkably effective in this role as I can testify as a former 
treasurer of the society. His skill at writing and editing was 
soon recognised by his appointment as assistant editor and 
finally editor of the British Heart Journal. 

His clinical and teaching distinction, his research output, 
his frequent invitations to contribute to important scientific 
meetings overseas, and a successful private practice give 
him little time for extramural activities. Nevertheless, his 
interest in the theatre and opera remains keen. His 
distinction has been recognised by the Freedom of the 
Worshipful Society of Apothecaries in 1989, while in 1990 
he was made a Freeman of the City of London. He has held 
no fewer than 21 visiting professorships and named 
lectureships worldwide from 1979 to 1990. 

The dry bones of even the most distinguished biography 
do not necessarily do justice to the individual. Dennis’s 
quiet, friendly bearing and cheerful mien are reassuring to 
all and much appreciated by his colleagues, patients, and 
students. He never patronises, never attempts to diminish 
the qualities of his associates, and often illustrates a 
discussion with gentle irony and occasionally with flashes of 
mischievous (but never malicious) humour. His obvious 
distinction makes his modest approach all the more 
impressive. 

Dennis is always willing to help, and Walter Somerville 
once told me that apart from his editorial skills and literary 
powers, Dennis’s great attribute as an assistant editor was 
his willingness to take on any responsibility or chore 
without hesitation. His gift for languages is an asset in his 
editorial role and in his work with European colleagues. 

Dennis’s contribution to the British Heart Journal and 
his achievements in the United Kingdom will always earn 
him the greatest regard and respect. 


JOHN GOODWIN 
Emeritus Professor of Clinical Cardiology, Royal Postgraduate Medical School. 
President, British Cardiac Society 1972-1977 


An American tribute 


As Editor of the Journal of the American College of 
Cardiology (JACC) I deem it a great privilege to join the 
Festschrift dedicated to Dennis Krikler who retires as 
editor of the British Heart Journal. Dennis has capped his 
career by his outstanding record as editor of the journal. 
During his tenure the journal has maintained its high 
reputation for scientific content, scholarship, and read- 
ability. It continues to publish outstanding papers from 
major cardiovascular centres not only in the United 


` Kingdom but also in Europe and the United States. In fact, 


American authors consider it a great achievement to have 
their papers published in the British Heart Journal. 
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I have had a very close personal relationship with Dennis 
which dates back to the days when he served as assistant 
editor of the journal under Walter Somerville. He would 
accompany Walter at the annual meetings of the American 
College of Cardiology and its editorial board. When Dennis 
succeeded Walter as editor 11 years ago I encouraged and 
urged him to continue to attend the annual meetings of our 
editorial board, which he did. He took active part in our 
discussions and exchange of ideas on mutual editorial 
policies and problems and we would look forward to his 
presentations and wise counsel based on his own 
experience. 

At one meeting Dennis gave a stimulating slide 
presentation on how an author should prepare an article 
that would pass peer review and please the editor and be 
acceptable to both of our journals. All the members of the 
editorial board were taking notes to pass on to their staff! At 
another meeting he was enthusiastic about the new and 
elegant appearance of and format of the Brinsh Heart 
Journal which made it more attractive and readable. There 
were many favourable comments from the board. 

Dennis has always been intensely interested in medical 
terminology in current use. When Walter Somerville was 
editor he was strongly in favour of stopping the term 
dysrhythmia which had become very fashionable. He was 
strongly in favour of retaining the term arrhythmias based 
on his analysis of the Latin derivation of the term. With 
Dennis we spent much time debating whether the term 
dilation was more appropriate than vasodilation and 
whether valvuloplasty was more accurate than valvulotomy 
for the procedure of balloon dilatation of the mitral 
or aortic valve. Both Dennis and I favoured the use of 
the terms aortic or mitral balloon dilatation. Valvulotomy 
and commissurotomy would be reserved for describing the 
surgical technique. Both Dennis and I felt that there should 
be more consistency among journal editors as to the use of 
these various terms. 

After the 1989 meeting of the American College of 
Cardiology in Anaheim, California, Dennis continued his 
American tour and proceeded to San Francisco, just in time 
to see the effects of the earthquake. The account of his 
experiences that he sent to me was spellbinding. 

The British Heart Journal turned 50 in January 1989. Its 
longstanding growth and success have been due to the 
efforts and dedication of editors such as Dennis Krikler. 
The editorial board of JACC and I enjoyed and learned a 
great deal from his wise counsel and the discussions we had 
together. 

Mike Davies, the associate editor of the British Heart 
Journal, succeeds Dennis as editor in January 1992. He has 
already been introduced to the editorial board of JACC at 
its last meeting in March 1991. I am due to retire as editor 
of JACC in July 1992 but I hope that he will continue the 
longstanding tradition of attending the annual editorial 
board meetings of JACC and share his experiences and 
problems with the new editor of JACC. I look forward to 
seeing Dennis and Mike at the April 1992 American 
College of Cardiology meeting in Dallas, Texas. The 
outgoing and new editors of our journals will celebrate. 


SIMON DACK 
Editor, Journal of the American College of Cardiolagy 


Member of the French Society of 
Cardiology 


After 11 years as the editor of the British Heart Journal, 
Dennis Krikler has decided to retire and to leave his place 
to Professor Mike Davies. This is understandable. Dennis 
has assumed this important task with a presence, a 
constancy, and attentiveness without neglecting his 
academic obligations, his work as a consultant at the 
Hammersmith Hospital, his private practice, his trips 
abroad, and his intensive writing of articles and chapters. 
‘Thanks to this fantastic work, he has maintained the British 
Heart Journal among the top cardiological publications and 
there is no doubt that British cardiology owes him a lot. 

I could make these few lines into a classical panegyric. I 
could remind you that he is a member of all the great 
societies of cardiology in the world, that he has received 
numerous plaudits for his work (I will just mention the Sir 
William Osler Award, Miami 1981; the Paul Dudley White 
Citation for International Achievement which he received 
at the American Heart Association meeting in 1984; the 
medal of honour which the European Society of Cardiology 
awarded him in 1990). I could name his numerous 
publications on arrhythmias, the lectures he gave all over 
the world, his contributions to books that every 
cardiologist should have in his or her library. 

However, I would rather take the opportunity the British 
Heart Journal is offering me to recall more personal 
souvenirs. When we had our first contact more than 20 years 
ago I knew Dennis Krikler only by name and reputation. 
He was calling from London and we had a violent argument 
about a bibliography problem; based on the tone of his 
voice, I imagined a man much younger than myself on the 
other end of the line. I was wrong. When we met soon after, 
I discovered that he was much older than I (10 December 
1928 versus 16 July 1929). And that is how a faithful 
friendship was born. 

Since then I have met Dennis on many occasions in 
London, in Paris, in Marseilles, in Chicago, in Atlanta, in 
San Francisco, in Washington or elsewhere in the world 
during congresses and symposiums. I always admired the 
quality of his lectures and I can say that I have seldom met 
such a combination of scientific value and good clinical 
commonsense. He knows better than anyone not only 
modern cardiology but also the history of cardiology. It is 
always an extraordinary pleasure for me to see him 
comment on slides reproducing ECG recordings from 
1913, pictures of such-and-such a pioneer cardiologist, or 
parts of books several centuries old. And lastly, of 
particular value for poor French cardiologists condemned 
to attempt to speak in English at international congresses, 
his diction is irreproachable, clear, aesthetic, well 
articulated, creating in French listeners the delusion that 
their knowledge of English has improved remarkably .. . 
till the next speaker arrives, Texan or Irish, dragging you 
back into depression. 

Dennis Krikler is one of the foreign cardiologists the 
French Society of Cardiology is proud to count among its 
Members of Honour. I think he is one of the French 
Society’s best friends and that he likes our country, its good 
food and luxury hotels, for this scientist is also a sybarite. 
He appreciates and knows our good wines very well as I 
discovered on the fiftieth anniversary of our society, on a 
beautiful spring night in Paris in May 1987. He speaks our 
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language very well, with a delicious accent, and expresses 
himself very elegantly in French when he stays in our 
country. 

I am sure that Mike Davies, who is succeeding Dennis as 
editor of the British Heart Journal, will keep the journal at 
its present high level. I know that our two societies, 
through their meetings and their journals, will maintain 
more than ever their cooperation and friendly relations. 
But above all, I am quite sure that for a long time, when 
someone speaks about British cardiology and the British 
Heart Journal, all over the world and especially in France, 
one name will immediately come to mind—that of Dennis 
Krikler. 

ROBERT SLAMA 
President, French Soctety of Cardiology 


Approches methodologiques et 
therapeutiques en rythmologie 


Le départ d@’un ami, qui présida durant plusieurs années 
aux destinées d’un grand journal de cardiologie, est une 
_ bonne occasion de réflexion sur le chemin parcouru avec lui 
par ailleurs depuis de nombreuses années dans une 
discipline ayant notre intérét commun. Notre génération 
ne prétend pas avoir inventé la rythmologie (tout au plus le 
vocable) aprés que de grands auteurs tels que Lewis au 
Royaume-Uni, Gallavardin en France, Langendorf aux 
USA, aient en fait décrit presque tous les concepts que 
nous utilisons. Mais nous avons eu la chance depuis un 
quart de siécle d’avoir pu exploiter le développement des 
techniques. Vers la fin des années soixante ce fut 
Vélectrophysiologie invasive, avec la possibilité enfin 
donnée de manipuler les troubles rythmiques pour mieux 
les étudier. Dix ans plus tard, Vére informatique 
transformait la philosophie méme de la méthode de Holter, 
d’une simple technique d’observation en un outil 
performant de quantification et de compréhension. Pour 
avoir avec Dennis Krikler vécu les enthousiasmes de la 
collection de cas exceptionnels,'? puis avoir à son 
instigation mis en garde dans ce journal-méme contre les 
inconvénients d’une approche trop purement technique 
des problémes rythmologiques,’ nous souhaitons lui dédier 
quelques réflexions sur l’évolution de notre discipline dans 
les derniéres années. 


TECHNIQUES D’EVALUATION ET SYMPTOMATOLOGIE CLINIQUE 
Trop vite, on a voulu tirer des investigations des indi- 
cations pronostiques trop péremptoires et indépendantes 
d’autres aspects de la cardiopathie en cause. Trop 
directement on a voulu voir dans la précision des 
évaluations quantitatives équivalent d'une rigueur dans 
Pévaluation des médicaments. Trop facilement on a pensé 
élargir au coeur entier et au patient le bénéfice apparent du 
contrôle des arythmies. Dans tous ces domaines des limites 
sont progressivement apparues. Les tendances dé- 
favorables d’abord observées étaient au gré des 
tempéraments expliquées par une certaine philosophie des 
. troubles du rythme et de leur place dans la cardiopathie 
qu’il fallait donc repenser, ou par une rigeur méthodolo- 
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gique insuffisante qu’il fallait donc renforcer dans une sorte 
de fuite en avant. 

Pourquoi traite-t-on les arythmies? S’agissant des 
symptômes la réponse est en principe assez simple mais il 
faut bien voir que ces symptômes vont de la simple 
palpitation liée a une extrasystole a la mort subite par 
fibrillation ventriculaire. Entre les deux se situent les 
arythmies si mal qualifiées de “menaçant la vie”. Elles 
peuvent être “‘symptomatiques”’, avec ’euphémisme et 
Vimprécision que comporte ce terme d’ailleurs non 
équivalent dans toutes les langues. Finalement, la difference 
n’est pas dans le fait que la palpitation est un symptome et la 
mort subite un tournant évolutif définitif de la mort subite: 
la différence est que l’extrasystole et la fibrillation 
ventriculaire, du simple point de vue rythmologique, ne 
reconnaissent pas les mémes déterminants, donc pas le 
même traitement. Pire encore, on en vient à craindre que les 
médicaments efficaces sur les premières ne se révèlent 
nocifs sur les seconds, et réciproquement. 





ARYTHMIES, FONCTION VENTRICULAIRE ET ISCHEMIE 

Le résultat cohérent d’études de suivi des patients ont lié la 
notion de mort subite, ou plus simplement de mort 
cardiaque a la présence d’un plus grand nombre 
d’arythmies ventriculaires, a l’altération plus prononcée de 
la fonction ventriculaire, à ’évidence plus fréquente d’une 
ischémie, silencieuse ou non. En établissant des 
corrélations indiscutables avec lévolution plus ou moins 
troublée, on n’a certes pas nommément désigné les 
coupables. Mais le moins que lon puisse dire est que 
attention n’a guère été attirée sur la règle générale selon 
laquelle corrélation ne signifie pas relation de cause à effet. 
On a ainsi confondu marqueur du pronostic et facteur 
causal de la mort, et choisi comme cible thérapeutique ce 
qui west sans doute bien souvent qu’un témoin. Les 
traitements symptomatiques de l’ischémie, de Pinsuffisance 
cardiaque, et des arythmies ont ainsi été utilisés sans 
succès. Non seulement ils n’apportent pas, au sein des 
grands essais conduits, la preuve statistique d’un bénéfice 
thérapeutique, mais on doit souvent charitablement passer 
sous silence les tendances inverses présentes dans le groupe 
traité par tel puissant antiangineux, tel agoniste bêta- 
adrénergique améliorant pourtant les performances 
physiques, tel antiarythmique éradicant sans pitié les 
extrasystoles ventriculaires. 


Les béta-bloquants 

Commie chacun sait, seuls les béta-bloquants ont jusqu’ici 
globalement apporté la preuve de leur efficacité dans 
l’amélioration de la survie des patients.* Pourtant classi- 
quement contrindiqués dans VlDinsuffisance cardiaque, 
dépassés au titre d’anti-angineux par les vasodilatateurs et 
les antagonistes du calcium, guére prisés des rythmologues 
et ne formant guére que de nom une classe particuliére 
d’antiarythmuques, les béta-bloquants ont donc assez 
Vallure d’outsiders figurant à Jl’arrivée, dont on ne 
s’inquiéterait guère de savoir comment et pourquoi ils y 
sont parvenus. Íl est trop facile d’y voir une conséquence de 
Paction anti~ischémique quand on sait que leur effet 
favorable se manifeste dans les cardiomyopathies comme 
dans l'insuffisance coronarienne. I] est aussi un peu facile de 
penser que leur effet se manifeste malgré insuffisance 
cardiaque alors que ce sont précisément les groupes de 
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patients ayant la fonction cardiaque la plus altérée qui 
bénéficient le mieux du traitement.’ Enfin il est bien trop 
facile de dire qu’un effet antiarythmique éventuel n’est 
guère en cause a partir du moment ou les standards requis 
pour le traitment des extrasystoles ne sont pas respectés. Et 
curieusement, la question de savoir si l’effet bénéfique des 
béta~bloquants mest pas tout simplement lié à leur effet 
antiadrénergique n’est guère évoquée. 

Le grand responsable de la stimulation adrénergique est 
Pinsuffisance cardiaque. Nous laissons volontiers à plus 
gualifés que nous le soin de montrer comment les bêta- 
bloquants sont sans doute les seuls médicaments capables 
de rompre le cercle vicieux établi entre les mécanismes de 
défense et leurs conséquences finalement pernicieuses. Le 
dogme de la contrindication du blocage béta-adrénergique 
est en passe de disparaitre, mais on est encore loin de savoir 
dans quels cas ce blocage a le plus de chances d’étre utile et 
toléré, si tous les produits actifs sont également efficaces, et 
a quelle dose ils le sont. Les effets bénéfiques, également 
prouvés, des vasodilatateurs et notamment des inhibiteurs 
de enzyme de conversion de l’angiotensine, amènent à 
penser qu’en fait les béta-bloquants n’excercent une action 
favorable que malgré un effet symptomatique qui ne l’est 
pas, alors qu’on s’accommoderait mieux d’un traitement 
soulageant les symptômes tout en abordant au fond le 
probléme et en réduisant la stimulation adrénergique 
délétére. 


Les anti-arythmques 

Dans la relation arythmies-anti-arythmiques, il y a un 
probléme de fond 4 régler. En quelque sorte une crise 
latente de longue date ne peut plus étre ignorée depuis la 
publication des résultats de Pétude CAST.° Le grand 
mérite, d’ailleurs possiblement le seul, de cette étude est 
d’avoir rendu incontournable un probléme réguli¢rement 
écarté. Il est maintenant démontré qu’utiliser des 
antiarythmiques purs pour supprimer des arythmies 
asymptomatiques aggrave la mortalité. Le fait était suggéré 
par des études analogues, qui ne devaient leurs conclusions 
incertaines qu’à l'efficacité moindre du médicament choisi, 
à la vérification moins attentive de cette efficacité, au nombre 
moindre des patients inclus. Pour wen citer qwune, 
rappelons les chiffres de mortalité de Pétude IMPACT? 
curieusement identiques (7,6%) à ceux du CAST (7,7%), 
il est vrai après un an de suivi au lieu de 10 mois, et sur un 
total de 630 patients au lieu de 1455. Cette dernière 
différence suffit à rendre significative ce qui n’était qu’une 
tendance. La différence de mortalité entre les groupes 
placebo (4,8% dans IMPACT, 3% dans CAST) vient 
aggraver l’évidence en soulignant la mortalité de la phase 
d’inclusion du CAST durant laquelle tous les patients 
étaient traités. 

Outre que la faisabilité de futurs essais de prévention de 
mort subite est maintenant bien compromise, le plus 
gênant est que force est de constater qu’en fait rien n’est 
réglé. Pour des raisons éthiques, on ne pourra plus 
accepter de protocole impliquant un risque significatif pour 
un groupe traité par les antiarythmiques, mais pourtant 
CAST pas plus quwIMPACT ne permet de réfuter 
Phypothése que certains patients relévent bien du 
traitement antiarythmique. La situation est la méme pour 
les béta-bloquants, avec des raisons opposées: la faisabilité 
de nouvelles études est compromise par la crainte de priver 
le groupe placebo du bénéfice démontré du traitement actif. 





Il west pourtant pas discutable que tous les groupes ne 
bénéficient pas du traitement, que certains patients meurent 
subitement sous béta~bloquants, mais lesquels? En somme, 
le fait est que, dans un cas comme dans l’autre, on ne s’est 
pas donné les moyens de comprendre, fiit-ce a posteriori. 
Ainsi nombre d’études incluant les béta-bloquants n’ont 
pas comporté d’enregistrements Holter.* Quant aux études 
incluant les antiarythmiques, elles n’ont pas posé au Holter 
les bonnes questions, ne s’attachant qu’a une quantification 


pure et dure des arythmies observées, non a leur 
environnement, aux déterminants de leur survenue. 


ARYTHMIES SYMPTOMATIQUES ET ARYTHMIES LETALES 

On a trop tendance a oublier que les classifications actuelles 
des arythmies en termes de simples ou de complexes, ou 
encore “menaçant la vie”, ne font que couvrir de grandes 
insuffisances de connaissance. Sans jouer sur les mots, on 
peut dire qu’une caractéristique importante d’une 
arythmie “menaçant la vie” est d’abord de ne pas l'avoir 
ôtée jusque-là au patient. Le terme se rapporte a un risque 
statistique, non 4 un mécanisme électro-physiologique. La 
présence d’arythmies ventriculaires répétitives, plus ou 
moins polymorphes, est menaçante par l’indication qu’elle 
donne sur la survenue possible d’arythmies létales. Mais si 
élément déterminant de celles-ci est la stimulation 
adrénergique du substrat électrophysiologique, sa 
prévention est plus importante que le traitement plus ou 
moins cosmétique de son expression électrocardio- 
graphique a minima. Le vrai probleme est de comprendre 
pourquoi et comment lon passe d'une arythmie menaçant 
la vie a une arythmie létale. L’expérience acquise par 
Vanalyse des cas de mort subite enregistrée montre bien 
leurs traits communs)’ l’ischémie aigüe est plutôt rare avant 
les tachyarythmies, alors que Pévidence du facteur 
adrénergique est souvent attestée par l’accélération de la 
fréquence sinusale préalable au déclenchement. Mais ce 
témoin de stimulation adrénergique n’est pourtant pas plus 
constant, ou évident, dans ces circonstances extrêmes qu'il 
nest constant, ou apparent avant les tachycardies 
ventriculaires non mortelles, celles qui ne vont pas 
dégénérer en fibrillation ventriculaire. Dans cette 
circonstance aussi nous avons montré? que le traitement 
béta~bloquant est efficace, et augmente la longévité tout en 
manifestant son effet antiarythmique. Or l’absence ou la 
discrétion de l’accélération sinusale avant les arythmies ne 
peut être tenu pour un argument démontrant l’absence du 
facteur adrénergique. Peut-être même est-ce le contraire, 
tant il est vrai que la surcharge adrénergique elle-même 
tend à masquer ses propres critères, notamment par la 
diminution de la variabilité de fréquence sur laquelle on 
insiste actuellement comme un marqueur pronostique très 
fiable. 


SYSTEME NEURO-VEGETATIF ET PARADOXES 

Les rapports entre système nerveux végétatif et arythmies 
ventriculaires sévères sont truffés de paradoxes. Paradoxe 
d’une fréquence cardiaque dont les possibilités 
d'adaptation, notamment d’accélération franche sont 
diminuées, et d'autant plus que l'insuffisance cardiaque 
s'aggrave et comporte une stimulation adrénergique plus 
forte. Paradoxe d’arythmies adrénergiques dont le 
marqueur est peu visible peut-être justment à cause d'une 
sensibilité accrue a ce facteur adrénergique.® La 
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tachycardie ventriculaire survenant à l’acmé d’une épreuve 
d’effort maximale n’est probablement pas, et de loin, celle 
qui reléve le plus du traitement béta-bloquant. L’origine 
adrénergique ne fait pas de doute, certes, mais le substrat 
nest sans doute pas tres susceptible puisqu’une 
stimulation forte lui est nécessaire. Paradoxe enfin que la 
réduction de la mortalité plus grande dans les groupes 
ayant une insuffisance cardiaque plus sévère, avec un effet 


antiarythmique plus patent des béta-bloquants. I] existe. 


une corrélation entre la reduction de la fréquence sinusale 
et le bénéfice en termes de réduction de mortalité.” 
Interpréter cette corrélation comme une relation de cause à 
effet est une faute de raisonnement analogue 4 celle qui 
conduit a traiter les arythmies asymptomatiques pour la 
seule raison qu’elles existent. Simplement, la fréquence 
sinusale des patients sous influence adrénergique est plus 
sensible aux béta-bloquants, et il se trouve que ce sont eux 
qui bénéficient le plus du traitement. Il n’y aurait sans doute 
guère a espérer d’une réduction de fréquence cardiaque par 
un autre moyen que le traitement béta~bloquant, et a ce 
jour aucun protocole ne se propose de tester cette 
hypothèse en faisant par exemple appel à la création 
artificielle d’une bradycardie par ablation du faisceau de 
Un dernier probléme, peut-étre un dernier paradoxe 
s’inscrit dans la ligne des précédents: celui de la posologie 
nécessaire à l’efficacité antiarythmique des béta-bloquants. 
D’autres que nous dans la littérature utilisent ces 
médicaments“ pour traiter les arythmies ventriculaires. 
Certains utilisent des posologies normales mais réservent 
les indications aux patients sans insuffisance cardiaque. Ils 
concluent alors, à notre sens d'une manière non justifiée 
puisqu’ils limitent volontairement leur expérience, à un 
effet d'autant meilleur que la fraction d’éjection est plus 
élevée.” A linverse, dans le cas d’une altération profonde 
de la fonction myocardique et pour obtenir une meilleure 
tolérance,-d’autres utilisent des posologies faibles de bêta- 
bloquants réputés moins puissants, avec la protection 
supposee d’uh effet agoniste partiel. Et le fait est qu’une 
telle pratique est efficace, tant il est vrai que l’effet du 
médicament dépend plus du patient qui le recoit que de sa 
puissance propre ou de sa posologie.'* Quant 4 nous, dans le 
cadre des arythmies graves de l’insuffisance cardiaque, nous 
avons pour habitude d'utiliser progressivement des 
n posologies.. normales, ) voire. fortes, de béta-bloquants 
..puissants. Dans notre expérience la tolérance n’en est pas 
souvent influencée, a condition de s’affranchir de Phabitude 
maintenant prise de Putilisation quasi: systématique des 
inhibiteurs de enzyme de conversion de langiotensine. 
Son intérêt dans le traitement de l'insuffisance cardiaque ne 
fait pas de doute, mais son rôle dans l'amélioration de la 
mortalité passe peut-être par les mêmes voies que le 
traitement béta-bloquant, et la mauvaise tolérance à celui- 
ci par les insuffisants cardiaques est dans notre expérience 
très généralément le fait d'une prescription combinée des 
deux types de médicaments: comme dans d’autres 
domaines il faut faire des choix, la pression artérielle de ces 
patients ne pouvant résister indéfiniment à la puissance des 
agents pharmacologiques. 


LA DONNEE NOUVELLE DE LA DEFIBRILLATION AUTOMATIQUE 
IMPLANTEE 

Le “primum non nocere” des anciens est plus que jamais 
d’actualité, et de fait la notion de sécurité doit primer sur 
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efficacité. Sécurité du patient, mais efficacité sur le- 
symptôme, plus important s’il est clinique que s'il est 
purement électrocardiographique. Lorsque les problèmes 
se rejoignent au niveau le plus élevé de la prévention de la 
fibrillation ventriculaire ou du risque de son déclenchement 
par les médicaments on est bien en peine de formuler des 
recommandations. La technique nouvelle de la 
défibrillation implantée vient peut-êtreàpointnommé offrir 
une voie de sortie à cette véritable impasse. C’est le moment 
de se rappeler qu’en son temps Pintroduction de la 
technique de la défibrillation externe fut à l'origine du 
développement de toute Pélectrophysiologie invasive: 
celle-ci ne put en effet exister que lorsque fut levé le risque 
permanent de déclencher des catastrophes rythmiques par 
Putilisation inconsidérée de la stimulation programmée. 
Cette expérience est sans doute en passe de se renouveler 
à partir de la défibrillation implantable, à condition que 
nous sachions en saisir convenablement opportunité. En 
clair, cela signifie que tous nos efforts doivent être dirigés 
vers Putilisation compréhensive de cette technique. 
Idéalement on imagine des essais randomisés sous le 
couvert de la protection du défibrillateur implantable. Mais 
il y a des obstacles: financier bien sir, mais aussi éthique qui 
consisterait à implanter des patients dans le but au moins 
présent sinon exclusif de les traiter médicalement en 
incluant cette notion récente que Pon ne sait plus très bien 
lequel, du produit actif ou du placébo, est le mieux 
susceptible de garantir la vie du patient. Il serait choquant 
de commettre pour l’évaluation de la valeur réelle de cette 
technique des erreurs analogues a celles que la recherche 
dune trop grande rigueur peut faire commettre dans 
Pévaluation des médicaments, en particulier appliquer sans 
discernement les purs principes du caractére prospectif et 
randomisé des études. Il y a sans doute d’autres voies, dont 
Pambition doit être une meilleure compréhension. Quelle 
que soit la technique de traitement, évaluer globalement, 
statistiquement, ses mérites est finalement sans grand 
intérêt si l’on ne sait pourquoi le résultat est finalement 
bénéfique ou délétére. S'agissant de deéfibrillation 
implantée, la question n’est pas tellement de savoir 
combien de patients peuvent bénéficier de ce progrès, mais 
lesquels et pourquoi, afin de mieux en cerner les indications. 
Le parallélisme est frappant entre l’électrophysiologie 
invasive, méthode provocative qui n’a existé que par la 
défibrillation externe, et la méthode de Holter, passive mais 
fructueuse puisque l’on est finalement ramené a des 
tentatives de compréhension des phénomènes spontanés. 
D’ores et déjà les renseignements disponibles à partir des 
défibrillateurs implantés ne sont pas aussi inexistants que 
dans le cadre de la stimulation implantée. Ils sont loin 
d’être suffisants cependant, et le développement du “Holter 
implanté” est bien aussi important pour lavenir que celui 
de la défibrillation elle-méme. Les obstacles techniques 


„sont encore importants..Jls devront être surmontés, et 


ils le seront d’autant mieux que la demande en sera plus 
pressante de la part des utilisateurs que sont les 
cardiologues. 


CONCLUSION 

En rythmologie comme ailleurs, il n’est pas bon que l’outil 
utilisé conditionne la problématique. L’électrophysiologie 
invasive est considérée comme un mode d’investigation 
compréhensive: stimuler le coeur revient a poser une 
question au substrat, et à observer la réponse. La technique 
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de Holter nous met d’emblée en présence de la réponse 
qu'est l’arythmie, de sorte qu’on en oublie de poser la 
question, qui est de déterminer comment l’arythmie est 
survenue, quels sont ses rapports avec l’environnement en 
termes de fréquence, de charge adrénergique, mais aussi 
bien d’ischémie, d’insuffisance cardiaque, de troubles 
métaboliques. La se trouvent les causes réelles, qui 
échappent aux approches de type épidémiologique dont les 
vertus sont ailleurs et les deductions thérapeutiques moins 
directes. On a vu qu’elles peuvent être sanctionnées de 
manière brutale, ce qui doit être Poccasion d’une revision 
déchirante d’hypothéses aventureuses et de méthodologies 
plus simplistes en réalité que rigoureuses. 

Pour n’avoir pas suffisamment réfléchi au bien-fondé de 
leurs méthodes d’évaluation et de leurs attitudes 
thérapeutiques, les rythmologues doivent une fois de plus 
perfectionner les techniques pour valider les 
thérapeutiques. Pour l’instant ils sont en quelque sorte, 
parmi les cardiologues, sur la sellette. Mais une telle 
démarche pourrait certainement s'appliquer a bien 
d’autres domaines de la cardiologie. 


PHILIPPE COUMEL 
Hépital Lariboisiére, 

2 rue Ambrotse-Pare, 
75010 — Parts, 

France 
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Continental connections 


Dr Dennis Krikler has retired as editor of the British Heart 
Journal, When I was asked to contribute to his Festschrift 
the title of the contribution was assigned to me and that did 
not make my task any easier. 

Dr Krikler has and always has had many important 
connections on the continent. I assume that the continent 
of Europe is meant here. He has friends and admirers all 
over Europe; but not only in Europe, also in the United 
States, Israel, Australia, and Japan. He also has contacts in 
the Soviet Union and other eastern European countries. 

I have known Dennis Krikler since the early 1970s. We 
worked together on a film on angina pectoris in which the 
beneficial role of calcium antagonists was stressed for 
the first time. Among our colleagues on the project were 
Dr Albert Fleckenstein, Dr Gisa Grün (later Mrs 
Fleckenstein), and Dr Winnifred Nayler. I learned so much 
in such a short time. With his well-chosen words, spoken in 
magnificent English, Dr Krikler dominated the discussions. 
We exchanged ideas on history, politics, current 
cardiology, and so forth. That is when our friendship 
began. I knew then that Dr Krikler was to be one of 
Europe’s leading cardiologists. 

Over the years I have come to know Dr Krikler as a warm 
human being, a truly reliable friend, an outstanding 
clinician, and a superb editor. Although he now steps down 
as editor of the British Heart Journal, Dr Krikler will 
remain active in international cardiology, appreciated by 
his overseas colleagues in Holland, the rest of Europe, and 
the United States. 

Under the editorship of Dennis Krikler the British Heart 
Journal has flourished. Although the journal is British by 
heredity, form, and content, its impact extends well beyond 
the United Kingdom. The journal crosses the North Sea 
and the Atlantic Ocean, and finds its way to Japan, India, 
Australia, and South Africa. 

The quality and popularity of the British Heart Journal 
today are attributable not only to Dr Krikler; his pre- 
decessors did a great job as well.’ But with his scholarly 
approach, he has put a special] stamp on the journal. 

Not only the British Heart Journal benefits from Dr 
Krikler’s editorial skills. Many readers may not know that 
Dr Krikler is co-editor of the tape journal of the American 
College of Cardiology. 

Dr Krikler has a vast knowledge of modern and historical 
cardiology and a superb command of the Queen’s English. 
Itis always a pleasure to listen to his presentations. His text 
is lucid, his slides are magnificent, and he is very 
knowledgeable. He is a world renowned expert on the 
pharmacology of arrhythmias. Many readers of the British 
Heart Journal may not be aware that he, together with the 
late Dr Leo Schamroth, discovered the effect of verapamil 
on atrial fibrillation?——a breakthrough in the treatment 
of supraventricular arrhythmias. Dr Krikler is one of 
Britain’s best cardiological ambassadors. Many cardi- 
ologists outside Britain regard Dr Krikler as the 
personification of the best of traditional British cardiology. 
He is a great teacher and the fact that he held appointments 
at postgraduate institutions meant that his undergraduate 
teaching has been limited. This is a pity because as one of 
my own teachers once remarked “‘students are the raison 
d'être of any university.” Dr Krikler, of course, is involved 
in postgraduate teaching in London, but undergraduate 





Festschrift 





students are the salt of the earth. In addition to the Best 
Editor Award he deserves the Best Teacher Award. 

We all hope and wish that Dennis Krikler will continue 
as an oracle for young cardiologists and for his peers, for he 
is more than just a knowledgeable modern cardiologist. 
First and foremost Dr Krikler is a scholar—a rarity among 
modern cardiologists. He knows his classics and has an 
amazingly good and versatile memory. Just call him, and 
ask for this or that subject or author, and he will tell you. 

It seems to me that Dennis Krikler’s reputation in 
cardiology lies outside rather than inside Britain. If so, I do 
not know why. Is Krikler like a prophet not without 
honour, save in his own country? It seems that way, at least 
from the continental point of view. I do not know of anyone 
who has done more for present-day British cardiology than 
Dr Krikler. I for one would not know how to get along 
without him and international cardiology owes him a lot. 

If I may finish with a personal word, my wife Annemarie 
and I wish him and his dear wife Anne, together with their 
children Shirley and Paul, many happy, healthy, and 
successful years. We hope that our friendship and contacts 
will flourish in the future as they have done in the past. 


F L MEIJLER 
Chairman, Scientific Counal, 
Interuntversity Cardiology Institute P the Netherlands, 
PO Box 1 9258, j 
3501 DG Utrecht, 
The Netherlands 


1 Meijler FL. Walter Somerville. Br Heart J 1981;45:1 1-2. 
2 Krikler D. Verpamil in cardiology. Eur J Cardiol 1974;2:3-10. 


Japanese cardiology 


For the past 20 years, Dennis (J hope Dr Krikler does not 
mind my calling him by his first name) has been one of my 
closest friends outside of Japan. Such a relationship started 
naturally through our common interest in cardiac 
arrhythmias, although he was mostly engaged in clinical 
studies whereas I was more deeply involved in basic 
electrophysiological experiments. However, what trans- 
formed this scientific relationship into a longlasting mutual 
friendship was undoubtedly his warm and charming 
personality. Dennis made an invaluable contribution to the 
field of cardiology by acting as the editor of British Heart 
Journal for 11 years, and J have always admired his insight 
and leadership. Hence, it was a real surprise when he told 
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electrophysiological assessment of calcium ion antagonists 
in cardiac arrhythmias. Together with a lecture he gave in a 
post-congress conference, his well organised presentation 
and astute comments and discussions deeply impressed all 
of us. 

Dennis was kind enough to invite me to give a lecture at 
Hammersmith Hospital in December 1978. His second 
visit to Japan in January 1979 was brief, but he left valuable 
advice on the development of a special model of an 
electrocardiograph. Dennis was also invited to be one of 
the overseas speakers in an international symposium in 
Kanazawa organised by Dr Iwa in the autumn of 1986. The 
title of his lecture at this symposium was “‘Current medical 
management of supraventricular arrhythmias”. 

Dennis made his most recent trip to Japan in October 
1990. As president of the Japanese Society of Electro- 
cardiology, I was pleased to ask Dennis to give the Hideo 
Ueda Lecture on the occasion of the society’s Seventh 
Annual Scientific Session in Nagoya. The title of his 
lecture, ““Preexcitation syndrome” was most appropriate 
and gratifying to Dr Ueda, who was the first to propose 
classification of type C Wolff-Parkinson-White pattern in 
1957. The talk beginning with a historical overview of the 
studies on this syndrome ‘and ending with a discussion on 
the latest developments in its non-pharmacological 
treatment was a superb educational exercise. In a post- 
congress symposium, Dennis discussed torsade de pointes, 
an arrhythmia that has attracted increasing attention 
worldwide since the publication of his paper in the British 
Heart Journal in 1976. 

Through these visits Dennis has contributed so much to 
the international exchange of scientific knowledge. Not only 
that, he played a vital part in increasing the mutual 
understanding between Japanese and British cardiologists 
by making many new friends and renewing old friendships. 
Finally, itis my firm conviction that, because he is much too 
young to retire, Dennis will continue his global activities in 
research, teaching, and patient care for many years to come. 
I also hope that he will find numerous other opportunities to 
visit Japan to further our mutual friendship and academic 
cooperation. 

YOSHIO WATANABE 
Professor of Medicine and Director, 


Cardiovascular Institute, Fujita Health engi 


Toyoake, Japan 
(Corresponding member, British Cardiac Society) 


me in the autumn of 1990 that he was going to hand the 
editorship over to his successor. The news filled my heart IA ne 
with a deep emotion that we were perhaps witnessing a A 7 : a 


change of generation in the world of cardiology; in the past 
couple of years several other good friends of mine have 
retired both in Japan and abroad. 

Because I am certain that others will comment on 
Dennis’s achievement as a superb cardiologist and an able 
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Dennis’s contributions to the history of cardiology are OREN, 
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editor, I will concentrate on describing his contributions to 
the exchange of scientific information between the United 
Kingdom and Japan. I believe that the first of his many 
visits to Japan was in September 1978, when the Eighth 
World Congress of Cardiology was held in Tokyo. In a 
symposium on antiarrhythmic agents co-chaired by Dr 
Sloman and myself, Dennis spoke, as a pioneer, on the 


notable as his research into the clinical and academi¢ 
aspects of heart disease. In fact in a way they are of greater 
note because only a few choose to “‘praise famous men and 
our fathers that begat us” and even fewer achieve excel- 
lence in that sphere. An interest in medical history seems to 
come early among its devotees. William Osler was 24 when 
he was attracted to the memory of Sir Thomas Browne and 
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Dennis was still a junior doctor in Cape Town when by 
chance he read a memoir of Willem Einthoven. It was 
written by the Russian physiologist A F Samojloff and it 
stimulated his interest in these two great pioneers of 
electrocardiography. Were it not for Dennis’s historical 
research the life and work of Samojloff could well be 
unrecognised and much information about him lost. His 
excellent papers about him demonstrate well the gifts that 
Dennis has for careful enquiry, pursuit of detail, and 
personal friendship. He found Samojloff’s one surviving 
son, got valuable photographs from Professor Chazov, and 
traced Samojloffs links with Paul White and Thomas 
Lewis.’ Early in his career Dennis practised in Rhodesia 
(now Zimbabwe) and he must have been thrilled to find that 
a coworker of Thomas Lewis had been the first doctor in the 
pioneer town of Bulawayo in 1894. This was Dr Alfred 
Goodman Levy who was the subject of one of Dennis’s first 
historical papers* in 1969. Another early and scarcely 
known paper’ by him tells of the significant part that Jewish 
immigrants played in the development of Rhodesia and of 
Cecil Rhodes’s appreciation of their importance in forming 
“his” country. Rhodes’s closest associate was Sir Alfred 
Beit who founded the Beit Memorial Fellowships in 
medical research the first holder of one being Thomas 
Lewis in 1910. 

Dennis has a keen eye for anniversaries, which is good 
because some would otherwise pass unnoticed. In 1981, the 
centenary of Lewis’s birth, I was glad to have his request as 
the new editor of the British Heart Journal to write about 
Lewis’s early work. Another contributor to that issue was 
Howard Burchell whose deep knowledge of cardiological 
history and wisdom in assessing past events has been so 
valuable both to Dennis and myself. I suspect it was 
Dennis’s influence that led to Howard being asked to chair 
the memorable debate on the action of digitalis at the 
Withering bicentennial meeting in 1985. That was also the 
year in which with typical thoroughness he unmasked the 
myth that Withering had bought the foxglove secret from 
an “Old Mother Hutton’’.’ Editors do not often write their 
own editorials but the British Heart Journal has had the 
double advantage of having editorials on historical topics 
written by its own editor. One in 1987° commemorated the 
fiftieth anniversary of the British Cardiac Society and it was 
thoughtful of Dennis to ask the society’s first president, Dr 
Rae Gilchrist, to write a note and to mention that “it was 
written in his elegant hand . . . and ready for the printer as 
it stood”. Another one in that volume was a fine review’ of 
electrocardiography assessing the past and looking to the 
future. The golden jubilee of the British Heart Journal in 
1989 was a natural occasion for Dennis to review’ the 
journal’s history and also to note perceptively that it was in 
addition the eightieth anniversary of the founding of Heart. 
He followed it with “The roots of modern British cardi- 
ology”’.* This was his George Burch Memorial Lecture and 
it reminds us of Dennis’s international reputation as a 
medical historian. This reputation has been enhanced—to 
use what is I think Dennis’s favourite verb—by the 
friendships he has created worldwide by his passion for 
cardiological history. The distinguished American medical 
historian Dr W Bruce Fye wrote to me recently about this 
and said ““There are not many of us who enjoy this pleasant 
and enlightening interest. It is important that we encourage 
one another. Dennis Krikler has been so very helpful in my 
own career.” 

A couple of years ago when two collections of old 


photographs came into his hands Dennis seized the 
Opportunity to create a new feature for the journal. He 
entitled it “Views from the Past” and he has written several 
nice vignettes to accompany the pictures of early workers 
such as Henry Dale, E H Starling, and Paul Rothschild. 
This series, probably unique among journals, will stand as 
a pleasant and enduring memory of his devotion to 
historical events during his fine editorship. 


A HOLLMAN 
Seabank, Chick Hill, 
Pett, Bast Sussex 
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Envoi 


Dennis Krikler retires after 11 years as editor of the British 
Heart Journal. As the previous editor, I recall handing over 
to him the seal of office and thereby easing my mind from 
the anxiety for the journal’s continuing prestige and 
prosperity. This confidence was borne from sharing with 
him the editorial desk for the previous six years. At that 
time, I was surrounded by experienced editorial talent and 
soon all came to share my conviction that the journal’s 
future was assured. 

The evidence of many years testifies that successful 
editors are not so much appointed as obey a vocational call 
to office and so willingly forgo many professional and 
material deserts. Krikler had no option but to listen to this 
summons. Within months of editorial evolution, he 
developed that form of literary paternalism common in 
strongly motivated editors. He rejoiced in responsibility, 
provided guidance and encouragement yet he avoided 
usurping liberty of choice and individual responsibility and 
other evils of over-zealous fatherly direction which have 
given literary paternalism a bad name. 

Krikler promptly accepted the challenge of maintaining 
the literary, ethical, and communication standards set by 
his predecessors, Evan Bedford, Maurice Campbell, and 
Kenneth Shirley Smith. His period in office coincided with 
the most influential advance in the management of coronary 
heart. disease, thrombolysis, and with the use of molecular 
techniques in diagnosis and treatment as well as the 
maturity of surgical treatment. The editorial office was 
flooded with multinational writings and challenged the 
editor’s qualities of prudence and wisdom. With the 
prerequisite of all good leaders, Krikler had surrounded 
himself with a hand-chosen editorial committee who, 
sharing the same critical faculty, sorted out the few grains 
of wheat from the chaff. 


Festschrift 








Krikler’s personality fostered close friendship with some 
of the most creative personalities in the field of 
contemporary medical communication, Stephen Lock, 
Arnold Relman of the New England Journal of Medicine, 
Simon Dack of the Journal of the American College of 
Cardiology; Sylvan Weinberg appointed him to the 
editorial committee of ACCEL (American College of 
Cardiology Extended Learning) and he became one of the 
best known voices on the successful ACCEL tapes. 

Part-time medical editors commonly follow a general 
trend of relegating their duties to a low priority. Krikler 
was a notable exception; he promoted his function as a 
communicator to a prominent site in a highly committed 
clinical programme. He was happy in the company of full- 
time editors and when the Vancouver Group was formed 
(the International Committee of Medical Journal Editors), 
he made full use of the progress made in the clarification of 
problems faced by medical editors. The journal’s two face- 
lifts were facilitated by his vision, the first meant discarding 
the deep crimson cover so beloved by the journal’s 
founders, and the second called for the enlargement of the 
page size and format to conventional dimensions. Both of 





these changes meant a break with the old order, not an easy 
emotional volte-face for a man with strong attachments to 
tradition and sentiment. Yet his personal philosophy 
demanded a proper place for these qualities, well below 
precision and purity of expression. He was assistant editor 
when the term “‘dysrhythmia”’ first appeared in an overseas 
journal. Both he and I felt it a duty to discourage this 
unhappy neologism. I gladly accepted Dennis’s offer to 
write an appropriate editorial. This curbed, but did not 
suppress, the unfortunate term. 

As Dennis Krikler takes his leave, I can promise him that 
reflecting in tranquillity on the past 11 years, he will be 
armed by the satisfaction of successful service to the 
journal. The journal’s loss, however, is to a great extent 
compensated by the inspired choice in his place of a highly 
motivated and distinguished pathologist, Professor M J 
Davies. He has ahead of him a period of challenge and 
stimulation. The British Cardiac Society is to be 
complimented on its choice. 


WALTER SOMERVILLE 
Editor, British Heart Journal 1973-80 
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Vagaries of acceleration dependent aberration 


REVIEWS 
Charles Fisch, Suzanne B Knoebel 
The earliest electrocardiogram illustrating 
bizarre intraventricular conduction of 
supraventricular impulses was published by 
Sir Thomas Lewis in 1910.' In a subsequent 
communication Lewis labelled this form of 
abnormal conduction “aberration”? and the 
ventricular complexes as “aberrant beats.’” 
In that same paper he also proposed a 
mechanism for the aberration, namely 
“.. disturbances of conduction in the 
smaller branches of this system and it is held 
that definite branches are affected in this man- 
ner, though these branches cannot be iden- 
AP RE ak bait tified at the present time”. The underlying 
Department ce milieu for aberration proposed by Lewis stood 
Medicine, Indiana the tests of further observation and experi- 
University School mentation. Altered, asynchronous conduction 
tadiecapat Indiana has been demonstrated for all segments of the 
USA ° ° — His-Purkinje system as well as the Purkinje- 
C Fisch myocardial junctional areas and, rarely, as a 
S B Knoebel result of preferential atrioventricular and, per- 
Dr Choice Bah haps, His bundle conduction. The mechan- 
nert Institute of isms responsible for initiating the conduction 
Fe ee elie alterations are, however, even more complex 
IN 46202, USA. as attested to by the vast number of published 





Fig 18. 


Fig. 19. 


Fig. 18. Curves taken from the three leads in a case of aortic disease during 
& febrile attack. They show defective conduction along the right 
division of the auriculo-ventricular bundle (see Fig. 16). 


Fig. 19. Curves from the game patient, taken a day later and during the 
subsidence of the fever. The ventricular portions of the curves have 
changed profoundly ; there is now no evidence of bundle defect, but of 
preponderance ot- the left ventricle. 


Figure 1 Barliest example of acceleration dependent aberration. (Reproduced from 
coils T. The oo and graphic registration of the heart beat. London: Shaw and 
ons, 1920:125. 


reports, both basic and clinical, on aberrancy 
that has been generated since Lewis’ initial 
observations. 

In 1983, on the occasion of the 75th 
anniversary of Sir Thomas Lewis’ description 
of aberration, Dr Dennis Krikler, Editor of 
the British Heart Journal, invited an editorial 
on that subject.? As our contribution to this 
Festschrift issue of the British Heart Journal 
honouring Dr Krikler, we have elected to 
continue that discussion and focus on the 
vagaries of acceleration dependent aberration. 
The subject 1s particularly well suited to Dr 
Krikler’s long time interest in the history of 
cardiology and, in particular, in tracing the 
development of concepts in electrophysiology. 

We have collated scattered reports on 
eccentric forms of acceleration dependent 
aberration and on mechanisms that could 
explain the vagaries proposed in the hope that 
further interest in the mechanisms underlying 
aberration will be stimulated. The material 
comes from our files and our earlier 
publications. 


Background and observations 
In 1913, Lewis published two electrocardio- 
grams illustrating the disappearance of bundle 
branch block with slowing of the heart rate (fig 
1).4 Although the tracings were recorded on 
different days, they probably are the earliest 
example of acceleration dependent aberration. 

The classic manifestation of acceleration 
dependent aberration is the appearance of 
aberration at a critical cycle length reached in 
the course of an increase in heart rate, and 
normalisation of conduction with slowing of 
the heart rate to the point that the RR cycle is 
again longer than that at which aberration was 
initiated (fig 2).° 

While the predictability of the relation 
between rate and aberrancy is characteristic 
for acceleration dependent aberration, there 
are exceptions to this heart rate dependency 
that we will refer to as vagaries or eccentric 
forms of acceleration dependent aberration, an 
example of which also was first reported by 
Lewis.° The vagaries will be divided into two 
groups: Group I—-unexpected normalisation 
of conduction when aberration would be 
expected to continue—and Group 2—un- 
expected appearance or persistence of aberra- 
tion under conditions in which it would not be 
expected. Examples under each group are 
presented and discussed below. 
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Figure 2. Acceleration dependent aberration with unexpected (1) persistent aberration 
at cycles longer than the critical cycle due to trarisseptal concealed conduction shortening 
the bundle branch to bundle branch interval to a critical cycle of 700 ms and (2) absence 
of shortening of the critical cycle when compared with the immediately preceding cycle. 
(Reproduced from Fisch C, Zipes DP, McHenry PL. Rate dependent aberrancy. 
Circulation 1972;48:714 by permission of the American Heart Association, Inc.) 
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Figure 3 Relation of the coupling interval of the normal 
and aberrant ORS (abscissa) to the preceding RR cycles 
(ordinate). The presence of paradoxically normal QRS 
at coupling intervals of 0-40 to 0:50 s ts dependent on the 
preceding RR measuring approximately 0-50 to 0-80 s. 

de on duration roi the preceding cycle 
suggests a shift of the supernormal period to the eek with 
the longer preceding RR intervals and the location of the 

period at 0-40 to 0-50 s after the QRS. 

(Reproduced with permisson from Fisch C. 
Electrocardiography of arrhythmias. Philadelphia: Lea 
and Febiger. 1990 :243,244.) 
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GROUP 1 

Normalisation unth abrupt shortening of the cycle 
length 

One of the most common vagaries of accelera- 
tion dependent aberration is normalisation of 
intraventricular conduction at cycles shorter 
than those of the aberrantly conducted com- 
plexes. This occurs with an abrupt shortening 
of the RR interval such as that which may be 
seen with atrial fibrillation’ (figs 3 and 4), single 
atrial premature complexes (fig 5), runs of atrial 
premature complexes, or 3:2 atrioventricular 
block. 

The most likely mechanism responsible for 
unexpected normalisation of conduction with 
abrupt shortening of RR interval is conduction 
during the supernormal period of His-Purkinje 
recovery.” ê This is supported by the fact that 
there is a constant, or rarely a shorter, H-V 
interval,’ and that the coupling of the normally 
conducted impulses, in most cases, varies 
directionally with the preceding bundle branch 
to bundle branch interval the duration of which 
may be dependent on the presence or absence 
of concealed transseptal conduction from the 
contralateral bundle (figs 3 and 5).?'*"* In a 
unique example in which the His bundle elec- 
trogram was recorded, the H-V interval of the 
supernormally conducted impulse remained 
normal, or was shorter than the H-V of the 
aberrantly conducted impulses (fig 4).° 

Equal delay of conduction in the bundle 
branches has been suggested as an alternative 
to supernormality as an explanation for unex- 
pected normalisation of the QRS at short 
cycles. The finding that would support this 
mechanism for paradoxical normalisation 
would be prolongation of the H-V interval 
recorded simultaneously with normalisation 
of the intraventricular conduction. Such 
observations have, as yet, not been reported. 
Prolongation of the PR interval commonly 
accompanies the normal QRS, but this may be 
an expression of atrioventricular nodal rather 
than bundle branch prolongation. 


Normalisation during an accelerating 
tachycardia 

Occasionally intraventricular conduction 
becomes normal after several cycles of accelera- 
tion dependent aberration. 

While the initial aberration in fig 6 represents 
acceleration dependent aberration due to 
bundle branch refractoriness, normalisation of 
conduction is most likely due to a gradual 
shortening of the bundle branch refractory 
period over several cycles. This may be a 
normal adaptation of action potential to rate or 
possibly a result of an increase in the concentra- 
tion of circulating catecholamines. Increased 
speed of conduction in the contralateral bundle 
branch or an equal delay in both bundles also 
are possible, but, as discussed above, these are 
unlikely mechanisms for normalisation of 
conduction. 

On rare occasions, aberration disappears in 
the course of a gradual acceleration of heart 
rate, a phenomenon that has been observed 
during stress tests (fig 7). In such instances a 2:1 
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Figure 4 Normalisation of QRS at paradoxically short cycles with a slight shortening 
of the H-V interval supporting supernormal Fts- Purkinje conduction as the cause of the 
normalisation. (Reproduced with permission from Fisch C. Electrocardiography of 
arrhythmias. Philadelphia: Lea and Febiger, 1990:241. J 





Figure 5 Atrial premature complex with a paradoxically normal ORS 1s followed by a 
normally conducted sinus impulse whereas the atrial premature complex with aberration 
is followed by an aberrant ORS. The latter is most likely due to concealed transseptal 
conduction of the atrial premature complex shortening the bundle branch to bundle 
branch interval resulting in acceleration dependent aberration. ( Reproduced with 
permission from Fish C. Electrocardiography of arrhythmias. Philadelphia: Lea and 
Febiger, 1990 :233.) 


bundle branch block may precede or follow 
normalisation of conduction. 

To the best of our knowledge the record 
reproduced in fig 8 is the only known example of 
paradoxical normalisation of conduction after a 
long preceding cycle when, according to the 
Ashman phenomenon, aberrant conduction 
would be expected’ rather than the normal 
conduction noted in this tracing. It is most 
likely that prolongation of the transmembrane 
action potential after the long pause 
fortuitously allows for conduction during the 
supernormal period of recovery. 


Intermittent normalisation and aberration 
Bundle branch block and normal conduction 
may be recorded intermittently during a 
regular rhythm. The ratio of bundle branch 
block to normal conduction may vary from a 
sporadic bundle branch block to 2:1 or higher 
ratios of bundle branch block to the normally 
conducted QRS complexes (figs 9 and 10). 
The mechanisms proposed to explain the 
intermittent bundle branch block include: 
(a) small changes in cycle length not recog- 
nisable in the electrocardiogram, (6) block of 


Figure 6 Normalisation 
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the impulse above the bundle branch lesion 
responsible for the bundle branch block allow- 
ing for a prolonged recovery time,” 
(c) Wenckebach conduction in the bundle 


, branch,“ (d) deceleration and acceleration 


dependent bundle branch block,” and 
(e) supernormal conduction.’ The two latter 
mechanisms may be facilitated by concealed 
transseptal conduction!’ '° (fig 10) that alters the 
duration of the bundle branch to bundle branch 
interval, the duration of the action potential, 
and thus the relative position of the super- 
normal period of recovery. 

Phase 4 depolarisation has been suggested as 
a mechanism for 2:1 bundle branch block. With 
phase 4 depolarisation, it has been postulated 
that after a normal QRS the left bundle branch 
to left bundle branch interval is relatively 
“long” and thus results in bundle branch 
block. In the presence of the left bundle branch 
block, an impulse conducts along the right 
bundle branch, traverses the septum, and 
reaches the left bundle branch after some delay. 
The result is a “short” left bundle branch to 
left bundle branch interval, dissolution of 
phase 4 depolarisation, and as a result normal 
conduction.” Although electrocardiographic 
observations tend to support phase 4 depolar- 
isation as a possible mechanism of deceleration 
dependent aberration,” some believe, based 
on cellular observations, that deceleration 
dependent aberration is the result of “complex 
oscillatory changes in membrane properties of 
depressed bundle branch Purkinje fibres during 
diastole.’””! 

Another mechanism that could explain 2:1 
bundle branch block is that block above an area 
of injury occurs so that the left bundle branch 
to left bundle branch interval encompassing 
the normal QRS is equal to two sinus cycles, 
allowing for bundle branch recovery and 
normal conduction, or, alternatively, it is also 
possible that delay of conduction above an area 
of injury could allow for recovery of excitability 
of an injured area and/or other electro- 
physiological parameters necessary for normal 
conduction. This mechanism resembles the 
gap phenomenon. For these two latter mechan- 
isms to be possible, the bundle branch must not 
be activated retrogradely. Should retrograde 
conduction take place, prolonged recovery is no 
longer possible. 


GROUP 2 

Onset of aberrant conduction without a 
recognisable shortening of RR interval 

This is a common phenomenon (fig 2). While 
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Figure 7 Paradoxical normalisation of the QRS tn course af acceleration of the heart 
rate during a stress test. Mechanisms suggested as an explanation for the normalisation 


include increase of sympathetic activity, catecholamine release, supernormal conduction, 
and phystological shortening of the refractory period.” 
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there is no doubt that the aberration is a 
function of acceleration of the heart rate, this 
may become obvious only when long records 
are available to allow the gradual shortening of 
the cycle length to be recognised. Failure to 
appreciate shortening to the “critical” 
aberrancy-inducing RR interval reflects a 
limitation of electrocardiographic technology; 
aberration may be a function of small changes 
of the cycle, often measured in milliseconds, 
and such changes may not be recognisable in 
the surface electrocardiogram. It is also 
possible under certain conditions that with 
gradual acceleration of the heart rate the refrac- 
tory period inappropriately lengthens, result- 
ing in conduction delay or block without ‘the 
need for shortening of the ‘“‘critical”’ cycle. 
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Figure 9 Intermittent normalisation of conduction during a regular rhythm with 
acceleration dependent aberration. The fact that the aberration represents acceleration 
dependent aberration ts proved by normalisation of conduction with an 80 ms 
prolongation of the cycle in lead V4. 
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Figure 8 Paradox of normal conduction after a long RR 
cycle when according to the Ashman phenomenon 
aberration would be expected. The most likely 
explanation ts supernormal conduction made possible by 
the prolonged recovery period with a shift of the 
supernormal period to the right. (Reproduced with 
permission from Fisch C. Electrocardiography of 
arrhythmias. Philadelphia: Lea and Febiger, 1990:236.) 


Persistence of aberration at a cycle longer than the 
“critical” cycle 

This phenomenon also is a frequent finding in 
clinical electrocardiograms (fig 2). The most 
likely mechanism is concealed transseptal con- 
duction that shortens the bundle branch to 
bundle branch interval. As a result of trans- 
septal conduction the actual bundle branch to 
bundle branch interval is shorter than the 
manifest QRS to QRS interval (fig 2). Not only 
is the bundle branch to bundle branch interval 
altered but the duration of the subsequent 
refractory period also is changed. Transseptal 
conduction has been shown experimentally in 
the dog?” and in humans.” Whereas 
concealed transseptal conduction alone may 
shorten the bundle branch to bundle branch 
cycle sufficiently to result in acceleration 
dependent aberration and its persistence, often 
it combines with other mechanisms to 
propagate aberrancy at cycles longer than the 
“critical” cycle. In some patients the dis- 
crepancy between the “critical” cycle and cycle 
at which normal conduction resumes may be on 
the order of 210 ms, an interval longer than 
could be explained simply on basis of the 
transseptal conduction.” 

Alternate mechanisms for persistence of 
aberration may be ‘fatigue’? and overdrive 
suppression, both of which are a function of 
increased rates. “Fatigue” is a concept 
proposed by Shearn and Rytand in 1953 to 
explain the unexpected persistence of aberra- 
tion with slowing of the rate’ and is a descrip- 
tive phenomenon, the cellular basis for which is 
unclear. It is an attractive and logical concept 
that suggests that a persistently accelerated 
rate, sufficiently rapid to induce acceleration 
dependent aberration, alters the electrolyte 
milieu and that such alterations may persist 
over several cardiac cycles, some longer than 
the “critical”? cycles at which aberrancy was 
initiated. 

Overdrive suppression of conduction, first 
demonstrated by Scherf in the dog,” is 
manifest by the appearance of bundle branch 
block upon cessation of a rapid heart rate or, on 
occasion, after a single early excitation or 
stimulus (fig 11). Overdrive suppression of 
bundle branch conduction is in many ways 
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similar to overdrive suppression of atrio- 
ventricular conduction. The duration of 
suppression depends on the rate of the over- 
driving impulse: the higher the rate the longer 
the recovery time. Overdrive suppression after 
ventricular tachycardia is manifest by a gradual 
normalisation of bundle branch conduction in 
the face of acceleration of the sinus rate (fig 
11). It is a phenomenon which, unlike 
“fatigue”, could explain aberration after a 
single early excitation or stimulus. The exact 
electrophysiological basis responsible for over- 
drive suppression is uncertain. 


Unexpected persistence of aberration induced by 
the Ashman phenomenon 
A relatively frequent observation first recorded 
by Lewis® is the persistence of aberration once 
initiated by sudden prolongation of the refrac- 
tory period in response to a long cycle—the 
Ashman phenomenon (figs 12 and 13). The 
aberration persists at cycle lengths identical to 
those manifesting normal conduction. 
Whereas the Ashman phenomenon is re- 
sponsible for aberration of the first complex,’ "$ 
persistence of the aberration may be due to 
delayed concealed transseptal conduction from 
the left to the right bundle branch resulting in 
shortening the right bundle branch to right 
bundle branch interval and thus initiation of 
acceleration dependent aberration. A constant 
heart rate and a fixed relation of transseptal 
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conduction to anterograde conduction in the 
contralateral bundle branch are critical for 
perpetuation of the aberration. 


Appearance of aberration during a regular heart 
rate 

Acceleration dependent aberration may appear 
after several normally conducting impulses 
during a regular heart rate (fig 14). The 
appearance of aberration without a demon- 
strable change in the heart rate is most likely 
due to gradual prolongation of either voltage or 
the time dependent refractoriness (fig 15). 
Inappropriate restitution of ionic concentra- 
tions may contribute to the time dependent 
refractoriness and may to some extent also 
explain ‘“‘fatigue” and overdrive suppression 
(see above). 


Aberration secondary to gradual delay of bundle 
branch conduction 

Gradual delay of bundle branch conduction 
(fig 16), evidenced by a gradual widening 
of the QRS, has been equated with type I, 
Wenckebach, second degree bundle branch 
block.’ ? Similarly, intermittent normalisation 
of bundle branch conduction may represent 
concealed Wenckebach conduction (fig 9). Once 
the delay of bundle branch conduction reaches 
a critical point and a complete bundle branch 
block is inscribed, any further delay of bundle 
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Vagaries of acceleration dependent aberration 
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Figure 12 Aberration initiated by the Ashman phenomenon and perpetuated by 
concealed transseptal conduction that shortens the bundle branch to bundle branch 
interval thus initiating acceleration dependent aberration. Solid bar denotes right bundle 
branch refractory period, and broken and dotted lines show the right and left bundle 
branch block respectively with transseptal conduction of the latter. (Reproduced with 
permission from Fisch C. Electrocardiography of arrhythmias: from deductive analysts 


to laboratory confirmation—twenty five years of progress. J Am Coll Cardiol 
1983;1:206.) 
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Figure 13. Right bundle branch initiated by the Ashman phenomenon and perpetuated 
by acceleration dependent aberration with the obligatory shorter bundle branch to bundle 
branch interval being the result of concealed transseptal conduction. The paradox of 
normal conduction of the atrial premature complex is probably due to conduction during 
the supernormal period (Reproduced with permission from Knoebel SB, Fisch C. 
Concealed conduction. In: Fisch C, ed. Complex electrocardiography L . Philadelphia: 
FA Davis, 1973.) 


branch conduction cannot alter the QRS dura- 
tion and thus will go unrecognised. 


Aberration and the “crossover” phenomenon 
The paradox of left bundle branch block at 
shorter coupling intervals and of right bundle 
branch block at longer coupling intervals (fig 
17) has been recognised for years.” It is often 
referred to as the “‘crossover’’ phenomenon and 
reflects the paradox ofa longer refractory period 
of the left bundle branch at short coupling 
intervals and a longer refractory period of the 
right bundle branch at longer coupling 
intervals. The mechanism responsible for 
this phenomenon is unclear but is probably 
secondary to injury.” 
Figure 14 Appearance of 


a gradually increasing Aberrant conduction after premature complexes 
aberration without any 
demonstrable change in or pauses 


Aberrant conduction may terminate a compen- 
satory pause after an atrial premature complex 


heart rate ts recorded în 
the top trace. The Ashman 


POSTED anz while, paradoxically, normal conduction may 
follow a shorter compensatory pause induced 


acceleration de ent 
aberration wit 

progressive evidening of the 
ORS ts illustrated in the 
bottom trace. The most 
likely mechanism of the 
acceleration dependent 
aberration is an 
inappropriate, gradual 
prolongation of the 
refractory pertod. 
(Reproduced from Fisch 
C, Zipes DP, McHenry 
PL. Rate dependent 
aberrancy. Circulation 
1973548 :714 by 
permission of the American 
Heart Association, Inc.) 
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Figure 15 Time dependent refractoriness ts illustrated 
by failure of the stimulus to elicit a response after full 
recton of transmembrane action potential, (Reproduced 
with permission from Fisch C. Electrocardiography of 
arrhythmias. Philadelphia: Lea and Febinger, 1990:60.) 


by a ventricular premature complex (fig 18). 
The most likely mechanism for aberration after 
the atrial premature complex is concealed con- 
duction of the atrial premature complex into 
the bundle branch thus shortening the bundle 
branch interval as discussed above. A possible 
but unlikely mechanism for aberration after an 
atrial premature complex is diastolic depolar- 
isation. Phase 4 depolarisation is, however, 
incompatible with bundle branch block during 
sinus rhythm at considerably shorter cycles, 
unless one accepts the presence of acceleration 
and deceleration aberration. 

In the presence of multiform ventricular 
premature complexes a compensatory pause 
following one pattern of ventricular premature 
complex may be terminated with aberration 
while the compensatory pause of a different 
form of ventricular premature complex may 
terminate with a normally conducting QRS (fig 
19). The most probable explanation for such 
observations is that concealed conduction into 
the bundle branch with shortening the bundle 
branch interval occurs with one type of 
ventricular premature complex and not the 
other. 

Rarely, intermittent supraventricular 
tachycardia is interrupted by pauses that are 
followed by aberrant conduction at a rate 
identical with that of the normally conducted 
complexes (fig 20). The mechanism for the 
aberration in such cases is unclear. One can 
postulate that the first aberrant QRS after the 
pause is due to diastolic depolarisation and that 
propagation of aberration is due to concealed 
transseptal conduction from the contralateral 
bundle branch thus shortening the bundle 
branch to bundle branch interval. 
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Figure 17 This figure shows (1) right bundle branch 
acceleration dependent aberration (2) paradox of normal 
conduction of atrial premature complexes, and' (3) APC 
with left bundle branch block conduction reflecting the 
crossover of the refractory periods of the right and left 
bundle branch. 


Acceleration dependent aberration appearing at. 


slow heart rates 

One of the most intriguing vagaries of accelera- 
tion dependent aberration is its appearance at 
extremely slow heart rates. While the vast 
majority of patients manifest acceleration 
dependent aberration at cycles longer than 750 
ms, aberration at intervals as long as 1000 ms 
and occasionally as long as 1800 and 2000 ms 
have been recorded (fig 21). Although sig- 
nificant prolongation of the action potential 
duration has been recorded in abnormally 
functioning Purkinje fibres,” aberration at 
such strikingly slow rates cannot be readily 
explained by simple prolongation of recovery 
of transmembrane potential (voltage depen- 
dent refractoriness). Time dependent refrac- 
toriness can be postulated (fig 15). It is also 
possible that a delay or block of conduction in 
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Figure 19 Concealed conduction ae ventricular premature 
branch shortens the bundle branch to bundle branch tnterval 
compensatory pause is terminated by a sinus impulse with | bundle branch block. 
Ventricular premature complex 1 does not conceal tnto the.left bundle branch, is followed 
by a left bundle branch to left bundle branch interval thar ts longer than that following 
ventricular premature TO Boe 2, and is therefore terminated with a normal ORS. 
(Reproduced from Fisch C, Zipes DP, McHenry PL. Rate dependent aberrancy. 
Circulation 1973 ;48:714 by permission of the American Heart Association, Inc.) 
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Figure 18 Concealed conduction of the atrial premature 
complex into the left bundle branch with shortening of left 
bundle branch to left bundle branch interval is responsible 
for the paradox of left bundle branch block after pauses 
longer than the pauses that follow ventricular premature 
complexes and which are terminated by a normal QRS. 
(Reproduced with permission from Fisch C. 
Electrocardiography of arrhythmias. Philadelphia: Lea 
and Febiger, 1990:81.) 


the His-Purkinje system can result because of 
an abnormal state of the His~Purkinje system, 
with a reduction: of diastolic potential,” 
coupled with gradual diastolic depolarisation 
and slowing of the upstroke velocity and a shift 
in threshold toward zero. Injury of the His- 
Purkinje system may cause such changes.” 

Another mechanism for aberration at un- 
expectedly long cycles may be concealed 
conduction into a bundle branch block. This 
has been observed with atrial and ventricular 
premature complexes. Similarly, during atrial 
fibrillation, persistence of aberration at long 
cycles may- be due to concealed conduction of 
fibrillatory waves into a bundle branch as 
mentioned above. 


Discussion 
While a strong case can be made in favour of 
one or another mechanism for aberration in any 
given setting and some have been documented 
experimentally, the fact remains that most 
explanations still are based in deductive 
reasoning and extrapolations from the 
behaviour of the myocardium as reflected in the 
electrocardiogram by the P and QRS and, 
occasionally, the His-bundle electrocardio- 
gram. It is almost certain that some of the 
conclusions so arrived at are in error. Many of 
the basic, cellular processes responsible for 
aberration remain to be elucidated. More 
sophisticated techniques for recording activa- 
tion sequences and local action potential 
characteristics in the human will be required 
to allow more precise assessment of the 
mechanism for aberrancy under physiological 
and pathological conditions. However, for the 
purpose of giving structure to the observations 
presented above, it may be helpful to review 
some concepts about aberrancy that have 
developed since Lewis’s original observations. 
There is strong evidence indicating that 
acceleration dependent aberration is a marker 
of heart disease. While the heart disease may 
not be clinically evident initially, clinical signs 


Vagaries of acceleration dependent aberration 





Figure 20 Aberration follows paradoxically longer cycles and continues at a rate 
identical to that of the normally conducted complexes. 


of heart disease usually appear with time. 
Evidence supporting the association between 
acceleration dependent aberration and heart 
disease includes: (a) the high prevalence of 
heart disease in association with the accelera- 
tion dependent aberrancy, (6) the appearance of 
aberrancy at surprisingly slow rates, (c) the 
predominance of left bundle branch block 
aberrancy, (d) the frequent coexistence of 
acceleration with deceleration dependent 
aberration, the latter being a sign of heart 
disease, (e) the occasional appearance of 
acceleration dependent aberration after several 
equal RR cycles indicating inappropriate 
refractory period stability and/or abnormal 
electrophysiological properties, (f) indepen- 
dence from the duration of the preceding cycle 
(fig 22). 

Acceleration dependent aberration differs 
from physiological or “‘expected” forms of 
aberration as follows: “expected” aberration is 
seen in normal hearts; ‘‘normal’’ aberration is 
elicited by a premature impulse or stimulus and 
rarely, if ever, by a gradual acceleration of the 
rate because atrioventricular refractoriness will 
usually exceed His-Purkinje refractoriness 
thus precluding aberration; physiological 


aberration is nearly always of right bundle 
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Figure 21 Aberration at cycle lengths varying from 920 to 1250 ms. The fact that 
aberta oni is acceleration dependent is documented by normalisation of conduction after 
the long compensatory pause induced by the blocked atrial premature complex. 
Aberration at such long cycles may be due to time dependent refractoriness, to injury,” 

a combination of the two. ( ahs danagin EE ission from Fisch C. 
Electrocadiography of arrhythmias. Philadelphia: Lea and Febiger, 1990:62.) 
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COUPLING INTERVAL (sec) 
Figure 22 Relation of the coupling interval (abscissa) 
to preceding cycle length (ordinate) of the right and left 
bundle branch block aberration. Whereas left bundle 
branch block is independent of the duration of preceding 
cycle, right bundle branch ts dependent on the duration of 
the preceding cycle. The right bundle branch block follows 
long preceding cycles in keeping with the Ashman 
phenomenon. It is possible that the considerable shorter 
coupling interval of the left bundle branch as compared 
with that of the right bundle branch reflect the crossover 


phenomenon of the refractory periods of the bundle 


branch. (Reproduced with permission from Fisch C. 
Electrocardtography of arrhythmias. Philadelphia: Lea 
and Febiger, 1990:66.) 


branch block pattern; coupling of a stimulus 
that elicits physiological aberration is quite 
short so that the stimulus occurs during the 
recovery of the action potential and the 
aberration can be readily explained by voltage 
dependent refractoriness; and the presence or 
absence of aberration is dependent on the 
duration of the preceding cycle length (fig 22). 
Because of the differences between aberration 
that may be present in the normal heart and 
acceleration dependent aberration which is 
nearly always an expression of an abnormal 
state, the two forms should be considered 
to be different phenomena if interpretation of 
the data dealing with aberration is to be 
meaningful. 

Proposed mechanisms for acceleration 
dependent aberration as presented above 
include: (a) prolongation or failure of the action 
potential to shorten appropriately in response 
to an increase in heart rate, creating the milieu 
for voltage dependent refractoriness,* (b) 
refractoriness persisting after completion of 
repolarisation (time dependent refractoriness) 
or, (e) myocardial injury involving one of the 
bundle branches or fascicles resulting in partial 
depolarisation of cells within the affected 
bundle creating conduction delay or block that 
is independent of refractoriness.” Local action 
potential alterations also may electrotonically 
affect cells more proximal in the conduction 
system creating slowed conduction or block at 
that level. 

While it is possible that in pathological states 
voltage or time dependent refractoriness may 
be altered sufficiently to be responsible for 
acceleration dependent aberration, and, while 
functional conduction disturbances have been 
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shown to be favoured at low basic heart rates,” 
it is unlikely that either could account for 
aberration at cycle lengths of 1000 ms or longer, 
a not infrequent finding in acceleration 
dependent aberration. In such instances, dis- 
turbances of conduction are more likely to be 
secondary to alterations in action potential 
characteristics such as phase 4 depolarisation, 
slowing of the upstroke of phase 0, or reduction 
of threshold potential due to electropathology. 
A unifying concept could, therefore, be that 
injury to the conduction tissue, at diverse 
levels, is the basic defect that underlies 
acceleration dependent aberration. 

When the vagaries of acceleration dependent 
aberration are under consideration still other 
mechanisms or combinations of mechanisms 
need to be invoked. Examples of these are 
presented above and include: (a) shortening of 
the bundle branch to: bundle branch cycle 
without, change in the manifest QRS to QRS 
cycle secondary to concealed transseptal 
conduction? '’” or concealment of atrial and 
ventricular premature complexes into the 
bundle branches, (6) local injury enhanced by 
acceleration of the heart rate and a resultant 
depression or block of conduction manifesting 
as fatigue, or overdrive suppression,” * 
(c) conduction during the supernormal period 
of recovery,’ (d) block above the area of 
injury allowing for bundle branch recovery, 
(e) “crossover” of the refractory period dura- 
tion of right and left bundles,” ” (f) equal 
prolongation of bundle branch conduction, 
(£) diastolic (phase 4) depolarisation,” ?” or, 
(h) Wenckebach block in a bundle branch.'**”’ 

Aberration under normal physiological con- 
ditions, acceleration dependent aberration and 
its vagaries, and the similarities and differences 
between the various “‘normal” and “abnormal” 
forms of aberrancy provide a model for under- 
standing electrophysiological functioning that 


-ig unequalled by any other concept. Even if 


basic cellular and intracellular mechanims for 
electrophysiological alteration are eventually 
totally understood there will continue to be the 
need for an integrated approach to the conduct- 
ing system and its functional vagaries. 
Knowledge of ion channel functioning under a 
wide variety of intervention and injury, action 
potential characteristics in response to such 
changes, the effects on refractoriness, cell-to- 
cell communications, and the effects of all of 
these on conduction patterns is essential if we 
are to be able to delineate mechanisms for 
aberrancy with more precision that has been 


-possible to date. There is a large body of 


experimental data about the cellular electro- 
physiological properties underlying aberra- 
tion. A systems approach is needed to make 
these observations applicable to the human. 
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eee than patients treated with conventional therapy or a 
vasodilator combination. Three major survival studies involving 
over 3,600 heart-failure patients confirm that the addition of 
‘Innovace’ to optimal diuretic/digoxin treatment can significantly 
improve survival in mild, moderate and severe heart failure when 
compared with placebo’ or a vasodilator combination’ 
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eee than patients receiving optimal diuretic/digoxin therapy. In 
the CONSENSUS and SOLVD studies, patients with heart failure 
who received ‘Innovace’ in addition to concomitant heart-failure 
treatment showed further improvements as reflected in the 
reduced frequency of hospitalisations'” 
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The remaining thirty-seven chapters (Part I) 
discuss specific conditions and contain the 

_| most up-to-date information on the mor- 

~ | phology, aetiology, clinical findings, cross- 
~ sectional echocardiography, angiocardiog- 
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lifetables in most chapters, stressing both the 
results from the Hospital for Sick Children 

and from other institutions. The last chapter 
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Antiarrhythmic drug treatment: need for 


continuous vigilance 


Hein JJ Wellens, Joep L Smeets, Marc Vos, Anton P Gorgels 


Abstract 

Any physician treating cardiac arrhyth- 
mias should be aware of a possible 
worsening of the arrhythmia (so-called 
arrhythmogenesis) after the start of 
antiarrhythmic drug treatment. To 
facilitate the recognition of that com- 
plication the type and possible mechan- 
isms of arrhythmogenesis are reviewed. 
Recognition also requires an under- 
standing of (a) the time of appearance of 
arrhythmogenic effects after different 
drugs, (b) the value of non-invasive and 
invasive tests, and (c) the profile of the 
patient most likely to develop this 
problem. Guidelines are given to reduce 
the incidence of the arrhythmogenic 
effects of antiarrhythmic drugs and a 
plea is made that the physician should be 
always on the alert for this complication. 


Dr Dennis Krikler’s expertise in the electro- 
cardiography and electrophysiology of cardiac 
arrhythmias ts well known and admired world- 
wide. For his festschrift we selected a topic that 
has interested him for a long time’: the 
occurrence of cardiac arrhythmias induced by 
medication prescribed to treat the arrhythmia. 


Many thousands of patients are taking 
medication because of a cardiac arrhythmia. 
There is increasing awareness that approxi- 
mately 15% of patients show worsening of 
their arrhythmia or the appearance of a new 
arrhythmia after they have started anti- 
arrhythmic drug treatment. This so-called 
arrhythmogenic effect or arrhythmogenesis can 
be life-threatening.” 

The results of the CAST study?’ also made 
the public aware of the possible dangers of 
antiarrhythmic drug treatment. Physicians 
treating cardiac arrhythmias need to be 
familiar with the risk of drug treatment and to 
be able to recognise it. We suggest a practical 
approach to the different types of arrhyth- 
mogenesis that may develop after antiarrhyth- 
mic drug administration and we briefly review 
the possible types and mechanisms of arrhyth- 
mogenesis, which have been discussed exten- 
sively elsewhere." We also discuss the 
timing of the appearance of arrhythmogenesis 
after start of antiarrhythmic drug treatment, 
discuss the value of different non-invasive and 
invasive tests to document arrhythmogenesis 
or to recognise patients at an increased risk of 


developing this problem, and offer guidelines 
to reduce its incidence. 


Types and possible mechanisms of 
arrhythmogenesis 

It is useful to classify the different types of 
arrhythmogenic effects?” (table 1) because it 
facilitates their recognition and may help to 
identify possible mechanisms. 


WORSENING OF AN ALREADY MANIFEST 
ARRHYTHMIA 

After antiarrhythmic drug administration the 
same arrhythmia may occur more frequently, 
last longer or become less well tolerated 
because the rate increases. Table 2 shows that 
this category includes patients with isolated 
ventricular extrasystoles or non-sustained 
ventricular tachycardia in whom sustained (fig 
1) or even incessant ventricular tachycardia 
subsequently develops. Patients with atrial 
flutter and atrial fibrillation in whom drug- 
induced slowing of the atrial rate results in 
more atrial impulses being conducted through 
the atrioventricular node also belong to this 
category (fig 2). 

Facilitation of unidirectional block and of 
slowing in conduction velocity within the 
reentry circuit are the most likely mechanisms 
for drug-induced worsening of an arrhythmia 
based upon reentry. By slowing intraven- 
tricular conduction class Ia and Ic drugs can 


Table 1 Classification af the arrkythomogentc effects of 
antiarrhythmic drugs 


(1) Worsening of an already manifest arrhythmia 

(2) Induction of block or suppression of escape mechanism(s) 
| Uncovering of a hidden arrhythmia mechanism 

(4) Induction of a new arrhythmia mechanism 

(5) Combinations of 1 to 4. 





Table 2. Worsening of an already manifest arrhythmia 


Mechanism 

è Creation of a more stable reentry circuit by shortening of 
the wavelength and/or widening of the echo zone. 

@ Decrease in atrial rate of atrial flutter or fibrillation leading to 
a ia impulse conduction through the atrioventricular 
node. 


Type of drugs Ia, Ic, H, IV, digitalis 


Examples 

è Extrasytoles-+nonsustained tachycardia 

@ Non-sustained tachycardia — sustained tachycardia 

@ Paroxysmal tachycardia inceasant tachycardia 

è Slowing in atrial flutter rate-» 1 to 1 atrioventricular 
conduction 
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WL=CVx RP: 10cm/s x 250ms=2-5cm 7-5cm/s x 250 ms = 1-88 cm 
Circuit length: 4cm 4cm 
Exit activated: 150/min 2 x 113/min = 226/min 


Figure 3 Possible mechanism of acceleration of tachycardia rate by a drug that slows 
conduction velocity but does not prolone the refractory period, (A) A reentrant circuit 
with a length of 4 cm and a single exit point. The wavelength (WL) of the circulating 
impulse (the product of conduction velocity (CV) and the refractory period (RP} 
measures 10 cm/s x 250 ms = 2:5 cm. Each minute 150 impulses will leave the exit 
point. (B) After administration of a drug (such as a class Ic drug) that slows 
conduction without ing the refractory period (RP) within the circuit. The 
wave-length now measures 7-5 cm/s x 250 ms = 1-88 com. This means that two 
consecutive wnpulses can fit within the circuit of 4 cm. Each minute 2 x 113 = 226 
impulses will reach the exit point of the circuit. This mechanism of tachycardia 
acceleration after antiarrhythmic drug administration accords with the results of a 
recent study.’ 


facilitate the induction and perpetuation of 
ventricular arrhythmias. Paradoxically, drugs 
that slow intraventricular conduction may 
increase the rate of a tachycardia by using a 
smaller reentry circuit or by allowing two 
consecutive impulses within one reentry cir- 
cuit’ (figs 3-5). Drugs slowing intra~atrioven- 
tricular nodal conduction such as calcium 
antagonists, 8 blocking agents, and digitalis 
may favour the continuation of a reentrant 
arrhythmia if the atrioventricular node is 
incorporated in the circuit. 


INDUCTION OF A BLOCK OR SUPPRESSION OF 
ESCAPE MECHANISMS 

Although the antiarrhythmic drug terminates 
or suppresses the ectopic rhythm it may wor- 
sen the condition of the patient because it also 
blocks conduction or suppresses escape 
mechanisms. Drugs can induce bradycardia 
and even asystole by creating sinus arrest or 
sinoatrial or atrioventricular block (table 3). 
Class Ib drugs may suppress atrioventricular 
junctional or ventricular escape mechanisms. 
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WL = CV x RP: 10 cm/s x 250ms=2-5cm 7-5 cm/s x 250 ms = 1:88 cm 
Circuit length: 4 cm 2 cm 
Exit activated: 150/min 225/min 


Figure 4 Another possible mechanism of tachycardia acceleration after admimstration 

of a drug that slows conduction velocity. Slowing of the conduction velocity means that a 
smaller reentry circuit can be used this leads to more impulses leaving the exit point. 

See legend to fig 3 for abbreviation. 
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Figure 5 Clinical example of sudden acceleration in rate 
of a ventricular tachycardia without change in QRS 
configuration during the intravenous injection of a class Ic 
antiarrhythmic drug. Possible mechanisms for this type of 
ventricular tachycardia acceleration include those shown 
schematically in figs 3 and 4. 


UNCOVERING A “HIDDEN” ARRHYTHMIA 
MECHANISM 
This category (table 4) includes patients in 
whom a dormant reentry circuit becomes 
manifest when an antiarrhythmic agent 
changes the refractory period and conduction 
velocity—for example, when a patient with an 
old myocardial infarction and ventricular 
extrasystoles develops sustained ventricular 
tachycardia after the administration of an 
antiarrhythmic drug (fig 6). This phenomenon 
can be seen after class Ia and class Ic drugs. 
These drugs slow myocardial conduction 
without prolonging the duration of the refrac- 
tory period. This shortens the wave-length of 
the circulating impulse allowing it to “fit” 
within a reentry circuit. 


INDUCTION OF A NEW ARRHYTHMIA MECHANISM 
An antiarrhythmic drug can induce a new 


Table 3 Possible site(s) of block in relation to different 








types of antiarrhythmic agents 
Site of block 

Class Sinoatrial Av nodal His-Purkinje 
la + = + 

Ib = - + 

Ic + < T 

I + + = 

III + 4 + 

IV - + — 

Digitalis $ + ~ 


Class Ia includes quinidine, procainamide, disopyramide, 
ajmaline; class Ib lignocaine, tocainide, mexiletine, 
dephenylhydantoin; class Ic encainide, flecainide, propafenone; 
Class II 8 blocking agents; class IH sotalol, amiodarone; class 
IV verapamil, diltiazem. 


Figure 6 Example of the 


ventricular extrasy 
(A) with a class Ic 
Unlike fig 1 the ore 
guration of the 
ventricular extrasystole is 
F PELOR different from 


“dormant” reentry circuit 
has been exposed by the 
administration of the 
antiarrhythmic agent. 


Table4 Uncovering of a hidden arrhythmia mechanism 


Mechanism: Creation of a reentry circuit by causing 
unidirectional block and sufficient slowing in impulse 
conduction, 


Type of drugs: Ia, Ic, II 


arrhythmic mechanism (table 5}—for example 
the induction of early afterdepolarisations by 
class Ia and class III (sotalol, amiodarone) 
drugs leading to multiform ventricular 
tachycardia! (figs 7 and 8) or the induction 
of ectopic impulse formation based on later 
afterdepolarisations as in digitalis intoxica- 
tion.’® 


COMBINATIONS OF DIFFERENT MECHANISMS 

Arrhythmogenic effects after drug administra- 
tion may also occur because of combinations 
of different mechanisms. Figure 9 shows that 
administration of a class Ic agent in a patient 
with the Wolff-Parkinson-White syndrome 
prevented atrial fibrillation but also allowed 
the development of incessant circus 
movement tachycardia, an arrhythmia that 
had not been clinically present before. In that 
patient the antiarrhythmic drug prevented 
atrial fibrillation from occurring and created 
complete anterograde block in the accessory 
pathway. Because of persistence of retrograde 
conduction through the accessory pathway 
circumstances were created for a circus 
movement tachycardia with atrioventricular 
conduction over the atrioventricular node and 
ventriculoatrial conduction over the accessory 
pathway. Another example is the patient with 
atrial fibrillation or atrial flutter who after 
treatment with a class Ic agent develops a high 
ventricular rate because a decrease in the 
number of atrial impulses allows more im- 
pulses to pass through the atrioventricular 
node to the ventricle. This increase in ven- 
tricular rate may result in rate dependent 
slowing in intraventricular conduction 
(manifest as widening of the QRS complex) 
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and the initiation of serious ventricular ar- 
rhythmias.”’ This category includes patients 
in whom the administration of a class Ia or 
class III drug leads to the development of 
bradycardia (for example because of sinoatrial 
block) and facilitates the emergence of ar- 
rhythmias based upon early afterdepolarisa- 
tions (torsades de pointes). 


Time of appearance of arrhythmogenic 
effects 

The onset of an arrhythmogenic effect after 
antiarrhythmic drug treatment can vary. Some 
proarrhythmic effects such as the occurrence of 
torsades de pointes after class Ia or class III 
drugs frequently occur early. They are not 
dose related but based upon an idiosyncratic 
response to the drug. One dose of quinidine can 
be sufficient to initiate torsades de pointes” (figs 
7 and 8). However, as Nguyen et al pointed 
out” half of the patients developing arrhyth- 
mogenic effects after class Ia drugs do so more 
than a week after the start of treatment. Arr- 
hythmogenic effects can appear at so-called 
therapeutic drug concentrations not only 
because of a drug-induced shortening in wave- 
length of a circulating impulse resulting in a 
more stable reentry circuit, but also because of 
changes in electrolyte concentrations or 
because of ischaemia in the arrhythmogenic 
area. Arrhythmogenic effects can also occur 
when an antiarrhythmic drug reaches a toxic 
concentration as for example in digitalis 
intoxication. 

Different types of arrhythmogenic effects can 
be caused by the same drug at different times 
after the start of its administration. Absence of 
one type of arrhythmogenesis does not mean 
that another type of arrhythmogenesis will not 
occur. A patient who does not develop torsades 
de pointes after the first dose of quinidine may 
show a change from a non-sustained to inces- 
sant ventricular tachycardia after two weeks of 
quinidine treatment when a dose favouring a 
more stable circulation of the impulse within a 
reentry circuit is reached. The CAST study 
showed increased arrhythmic events after 
encainide/flecainide during the whole period of 
administration of the antiarrhythmic drug.®? 
Table 6 suggests possible mechanisms for that 
finding. 


Tests to recognise or document v= 
increased risk for arrhythmogenesis 

RISK PROFILE FOR THE DEVELOPMENT OF 
ARRHYTHMOGENIC EVENTS 

It has repeatedly been stressed that the 


Table5 Induction of a new arrhythmia mechanism 





Mechanism 
e ee) leading to torsades de 


° Delayed afterdepolarisation (DAD) ay to ectopic 
aE formation in atrium, atrio kacon, md 
e. 


Typs of drugs 
e EAD: Ia, III 
e DAD: digitalis 
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Figure7 A 
simultaneously paaa 12 
lead datoraa a 

a patient with iform 
ventricular extrasystoles, 
The patient, a 24 year old 


woman had no symptoms 
and no structural cardiac 


Figure 8 
Electrocardiogram from 
same patient as fig 7 after 
200 mg of quimdrne 
sulphate. Note OT 
prolongation and the 
emergence of a torsades de 
pointes type of ventricular 
tachycardia 
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occurrence of an arrhythmogenic effect of an 
antiarrhythmic drug is unpredictable in 
individual patients. ‘There are certain charac- 
teristics, however, that predispose patients to 
serious arrhythmogenic events or death during 
antiarrhythmic treatment. Morgenroth sum- 
marised these factors.” They include severe 
structural heart disease, sustained ventricular 
tachycardia, in-hospital initiation of anti- 
arrhythmic drug treatment, and large doses of 
antiarrhythmic drugs. Not surprisingly, the 
sicker the patient the higher the chance of an 
arrhythmia becoming worse after the start of 
antiarrhythmic drug treatment. 


TWENTY FOUR HOUR ELECTROCARDIOGRAPHIC 


RECORDING 
An arrhythmogenic effect may become manifest 
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shortly after the start of treatment with an 
antiarrhythmic drug. Examples are the tor- 
sades de pointes type of multiform ventricular 
tachycardia after class Ia or class III drugs and 
the emergence of sustained uniform ventricular 
tachycardia in the patient with isolated ven- 
tricular extrasystoles or non-sustained ven- 
tricular tachycardia after the administration of 
class Ic drugs. 

These changes can be documented by long- 
term electrocardiographic recording in the first 
days after the start of antiarrhythmic drug 
treatment, but as discussed previously, 
arrhythmogenic changes may also occur even 
later, so there are practical problems in using 
long-term electrocardiographic recording to 
recognise arrhythmogenic effects. 


EXERCISE TESTING 

Velebit et al emphasised the importance of 
exercise testing in evaluating the possible 
arrhythmogenic effects of antiarrhythmic 
agents.’ Antiarrhythmic drugs can induce rate 
related slowing of intramyocardial conduction 
(so-called use-dependent slowing). This can 
cause widening of the QRS complex with 
increasing heart rate. Recently, Ranger et al 
showed that some patients treated with flecain- 
ide develop considerable widening of their 
QRS complex followed by the emergence of 
ventricular tachycardia when they increase 
their heart rate by exercise.” Figure 10 gives an 
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Figure 9 (A) Amal 
rillation in a patient 
with a left free wall 


anterograde block in the 
accessory pathway thereby 
protecting the patient 
against high ventricular 


not affect retrogr 
conduction over the 
accessory pathway, 
however, and the patient 
developed i incessant circus 
movement tachycardia 
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example of this phenomenon in a patient who 
was treated with a class Ic agent because of a 
non-sustained ventricular tachycardia. During 
administration of the antiarrhythmic drug the 
patient noticed that a sustained tachycardia 
always developed when he exercised. Figure 10 
shows that during exercise testing the QRS 
complex and axis deviation increased con- 
siderably and was followed by sustained 
ventricular tachycardia. Exercise related ven- 
tricular tachycardia no longer occurred in this 
patient when the class Ic agent was replaced by 
a class III drug. 

During exercise testing off drugs Kadish et 
al.™ found a paradoxical increase in the 
corrected QT interval in patients who had 
arrhythmogenic effects on a type Ia drug. 
Antiarrhythmic drugs may not only produce 
use-dependent slowing in conduction but also 
use-dependent prolongation of the refractory 
period. Figures 11 and 12 show that in a patient 
with right bundle branch block and left 
anterior hemiblock a rate-related (use-depen- 


Table6 Possible mechanisms of deleterious effects of class 
Ic agents after myocardial infarction 


(a) Negative inotropic effects. 

(5) Rate related slowing of intramyocerdial conduction 
favouring initiation of ventricular tachycardia on exercise 
or after onset of atrial flutter or atrial fibrillation. 

{c) Slowing i in intramyocardial conduction during ischaemia 

initiation of ventricular tachycardia.” 


a « (d) Induction of slow heart rates because of sinoatrial or 
subnodal block. 


(e) Acceleration of ventricular tachycardia because slowing in 
intramyocardial conduction may allow two circulating 
impulses within one reentry circuit or the use of a smaller 
reentry circuit. 
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dent) block was seen in the left posterior 
fascicle after flecainide administration. The 
observations of Ranger et al” and Kadish and 
coworkers™ indicate the need for prospective 
studies before and during antiarrhythmic drug 
administration to establish the role of exercise 
testing in the risk estimation of arrhythmogen- 
esis. 


PROGRAMMED STIMULATION OF THE HEART 

Several groups of investigators reported on the 
use of programmed stimulation of the heart to 
identify the arrhythmogenic effects of anti- 
arrhythmic drugs.” ” Induction of a sustained 
tachycardia in a patient in whom before drug 
administration only a non-sustained tachycar- 
dia could be induced, the initiation of a faster 
tachycardia by fewer premature beats, and the 
emergence of incessant tachycardia after 
antiarrhythmic drug administration have all 
been regarded as signs of the arrhythmogenic 
effects of antiarrhythmic agents. The lack of 
information on the effect of long-term oral drug 
administration in patients showing the 
arrhythmogenic “effects” of that. drug during 
programmmned electrical stimulation, made us 
reluctant to regard the development of the 
arrhythmogenic effects during programmed 
stimulation as a contraindication to the chronic 
oral use of such drugs. Also because Ross et al 
reported considerable variation in the number 
of premature stimuli required to induce sus- 
tained ventricular tachycardia on different 
days” we decided to continue antiarrhythmic 
drug treatment irrespective of the findings 
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Figure 10 Initiation of 
A cul 


vent 

tachycardia during 

exercise testing in a patient 

treated with class Ic agent. 

(A) Electrocardiogram 

before exercise. The heart 

rate was 80 beats/min and 

the ORS width measured 

100 ms. (B) During 

exercise the heart rate was 

130 beats/min with a QRS 

width of 160 ms and left 

axis deviation. Shortly 

thereafter (C) a 

ventricular tachycardia 

started with a rate of 150 

beats/min. 
obtained during the programmed stimulation The practical approach 
study. No attention was given to the induction Antiarrhythmic drug treatment should be star- 
of a sustained ventricular tachycardia during ted only when it is clearly indicated by symp- 
drug treatment, when before the drug only a toms and/or an arrhythmia with a bad prog- 
non-sustained arrhythmia could be initiated. nosis.” The rules outlined in table 7 should be 
The drug was also continued despite induction followed to minimise the arrhythmogenic 
of a faster tachycardia or induction by fewer effects and to aid their early recognition. In view 
premature stimuli. During follow up there of the considerable pharmacokinetic and phar- 
were no differences in the occurrence of spon- macodynamic differences between antiarrhyth- 
taneous sustained ventricular arrhythmias orof mic drugs we believe that physicians treating 
sudden death between patients with or without cardiac antiarrhythmias should familiarise 
easier induction or change from induction ofa themselves with selected antiarrhythmic agents 
non-sustained to a sustained ventricular and known how these drugs are metabolised 
tachycardia after antiarrhythmic drug adminis- and excreted and how they are affected by other 
tration.” We think that only the induction ofan medication given concomitantly: In patients 
incessant tachycardia after antiarrhythmic with structural heart disease antiarrhythmic 
drug administration can be accepted as definite drug treatment should be started in hospital, 
evidence of an arrhythmogenic effect of the preferably under continuous electrocardio- 
drug. graphic monitoring. Exercise testing should be 
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Figure 12 
pcg is at from 
the same t as figure 
Il after 
treatment was pei 
Note that rate acceleration 
ing atrial tachycardia 
is no longer followed by 
complete atrioventricular 
block. Figures 11 and 12 
suggest that flecainide 
induced rate-related (use- 
dependent) prolongation of 
the refractory period of the 
left posterior fascicle was 
responsible for complete 
atrioventricular block. 
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performed before and during antiarrhythmic 
drug administration. The patient should be 
instructed about the signs and symptoms of 
worsening of the existing arrhythmia or the 
appearance of a new one. 


Conclusions 

Antiarrhythmic agents commonly, have ar- 
rhythmogenic effects that are life-threatening 
and these can occur as long as the patient is: 
taking antiarrhythmic medication. Although, 
as outlined, certain measures can be taken to 
minimise the chance of arrhythmogenic effects, 
the patient and the physician should constantly 
be alert to this possibility. 


Table 7 Measures to minimise arrhythmogenic effects of 
antiarrhythmic drugs 


(a) Be certain that the patient needs antiarrhythmic drug 
treatment. 

(b) Identify and correct cardiac ischaemia and pump function 
abnormalities. 


(c) Correct electrolyte abnormalities. 
Use an antiarrhythmic drug you know we 
e€) Start treatment in hospital while so tra the ECG if 
the patient has structural heart disease. 
Q) Perform exercise testing before and during drug 
administration. 


Œ) Instruct the patients about signs and 
worsening veces Seal tarance of new arrhythmias. 
(k) Regularly chen th of th 


i ythmic 
(1) Roce ae the Sap effects of additional medication on the 
concentration of the antiarrhythmic drug. 
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Progress in familial hypertrophic cardiomyopathy: 
molecular genetic analyses in the original family 


studied by Teare 
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In this journal in 1958 Donald Teare reported 
the pathological findings in a series of eight 
unrelated young adults who died suddenly 
and who at necropsy had manifested gross 
asymmetrical hypertrophy of the heart.’ In a 
foomote, he noted the recent sudden death of 
the brother of one of the original cases, thus 
identifying the familial nature of this 
condition. The subsequent report’ of two 
generations of the family of these two siblings 
showed that asymmetrical hypertrophy was 
inherited in a manner consistent with an 
autosomal dominant trait. The term “‘obstruc- 
tive cardiomyopathy” was proposed for these 
and similar cases, identifying this as a heart 
muscle disorder. The description of this 
family initiated the detailed characterisation 
of this novel syndrome, which was later called 
familial hypertrophic cardiomyopathy. 

Demonstration of a mendelian form of 
inheritance implied that familial hypertrophic 
cardiomyopathy was the result of a single gene 
disorder. Despite 30 years of investigation, 
however, the pathogenesis of this condition is 
only now being revealed. Molecular biological 
techniques were used to identify first the 
location? and later the identity’’ of genetic 
defects responsible for familial hypertrophic 
cardiomyopathy. The identification of muta- 
tions in the cardiac myosin heavy chain 
(MHC) genes has made familial hypertrophic 
cardiomyopathy the first primary cardiac dis- 
order to be characterised at the molecular 
level. An abnormality of the B myosin heavy 
chain gene is also responsible for disease in 
the original family described by Teare; we 
discuss here the benefits of such a genetic 
diagnosis. 


Background 

The clinical genetics of familial hypertrophic 
cardiomyopathy were established by the 
observation of inheritance patterns in families 
such as the ome described here. Since the 
advent of cross sectional echocardiography it 
has been clear that, where the familial 
condition is familial, it is inherited as an 
autosomal! dominant trait. In a significant min- 
ority of cases, hypertrophic cardiomyopathy 
occurs as an apparently sporadic condition.*’ 
Cases of sporadic disease are defined as those 
where no first degree relatives are known to be 
affected. ‘The frequency of such cases will tend 
to be overestimated by failure to identify subtle 
forms of the condition in relatives, especially 


children, of the proband. In many families 
expression of the disease gene is such that 
penetrance is virtually complete in adults. This 
is usually not the case in children, however, 
where the phenotype frequently does not 
become manifest until adolescence,’ or in some 
families where subclinical disease is present. 
Until a definitive genetic diagnosis is available 
the full range of the disease phenotype and the 
extent and nature of sporadic disease will 
remain uncertain. 

Recent advances in molecular biology have 
led to the identification of the gene defects 
responsible for several important inherited 
conditions, even where there was no prior 
knowledge of any defect at the protein level 
(reviewed in reference’). In the absence of any 
apparent candidate genes or of any known 
cytogenetic abnormality in familial hypertro- 
phic cardiomyopathy, the approach that was 
adopted was the use of linkage analysis. 
Linkage analysis depends upon the demonstra- 
tion of “‘co-segregation”’ of a disease trait with a 
DNA polymorphism of known chromosomal 
location. If a DNA polymorphism is situated 
close to the disease gene on a given chromo- 
some, then the presence of the polymorphism 
at this site will tend to be inherited with the 
disease trait in a family pedigree. Where a 
polymorphism and a disease gene are separated 
by some distance they will tend ta become 
separated by crossovers, or recombinations, 
during meiois. Thus the extent of co- 
inheritance, or co-sepregation, within a 
pedigree defines the closeness of linkage. 
Linkage analyses were performed in a large 
French Canadian family with familial hyper- 
trophic cardiomyopathy to test systematically a 
panel of probes that identify polymorphic loci 
on all chromosomes, until one was found that 
identified a locus that co-segregated with 
disease. This search revealed that the gene for 
familial hypertrophic cardiomyopathy in this 
family was on chromosome 14, in the region of 
the genes for the cardiac myosin heavy chains (x 
and $ cardiac MHC genes).>” 

Myosin heavy chains are the major structural 
component of heart muscle, and so were clearly 
potential candidates for involvement in this 
disease. The demonstration of a major gene 
rearrangement affecting thea and § MHC genes 
in one family* led to the hypothesis that the 
MHC genes were indeed the site of mutations 
causing disease in familial hypertrophic car- 
diomyopathy. No such rearrangement was 
found in the original French Canadian family, 
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thus necessitating a detailed search for a point 
mutation. Each of the MHC genes contains 
approximately 30000 nucleotides, making 
identification of a single base pair substitution 
very difficult. Such a mutation, however, was 
identified in exon 13 of the f cardiac MHC gene 
in this family, that results in the conversion of a 
highly conserved arginine residue to a 
glutamine residue.” 

These findings have generated several further 
questions. In particular, linkage data have 
shown that not all familial hypertrophic 
cardiomyopathy can be attributed to MHC 
mutations on chromosome 14.’! However, 
conventional linkage analyses are frequently 


uninformative in smaller families and so have’ 


not detailed the proportion of familial hyper- 
trophic cardiomyopathy that results from 
myosin mutations. Also, the two described 
mutations implicate different mechanisms for 
the pathogenesis of the autosomal dominant 
phenotype. Studies were therefore undertaken 


- to document the'presence of myosin mutations 
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in other families with familial hypertrophic 
cardiomyopathy. As in the French Canadian 
family, no major rearrangements or deletions 
were found in the MHC genes of 40 unrelated 
families with familial hypertrophic cardio- 
myopathy, suggesting that point mutations 
were likely to be the predominant mutations 
causing disease (Tanigawa et al. Unpublished). 
This finding led to the development of a screen- 
ing technique for analysing the protein coding 
section of the f MHC gene for sequence 
abnormalities. Such polymorphisms can be 
used to detect linkage to the MHC locus and, if 
they are linked they are excellent candidates for 
being disease-causing mutations. The success 
of this technique is illustrated by its application 
to the original ‘Teare family. 


Clinical evaluation 

Not surprisingly the family with familial 
hypertrophic cardiomyopathy that first came to 
medical attention was one with particularly - 
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Pedigree at Chest sprota LVOT Chaical 

number DIFU pain RTRA ) Syncope ECG AF lemboh LVH RYH gradient events 

IO 40/M + JII — + — 530 — udden 

I-2 52/M + II + + — S k = Sudden Seah 

II-1 21/F 4 III a + = 450g 4 + Sudden death 

1-2 18/M = I + = s 425 g = = Sudden death 

II-3 42jM + H + + + — + + Died awaiting transplant 
1-5 32/F = I + + 2 i = = Died CHF 

II-7 45/F mm Ir — + — 17 mm — — Transplant assessment 
IT-10 20/F — I + + — 490 g + + Sudden death 

I-11 39/F 2 a = + = 13 mm + z i 

II-I 24/M I — + + 14 mm + + collapse 
ITI-2 22/M. — I + + — 13 mm — + Out of hospital VF 

IlI-3 23/F + In + + + 20 mm — + Died after myomectomy 
I-44 22/M + II — + — 25 mm + + Alive 





AF, atrial fibrillation; Age at D/FU, age at death or current follow up; CHF, 
wall thickness 


necropsy or maximum LV 
motion of the mitral valve on echocardiography; RVF, right ventricular hypertrophy; VF, 


congestive 
on echocardiography; LVOT gradient, LV outflow tract gradient at 
fibrillation. 


severe disease, enabling Hollman et al to make a 
remarkably complete account of the range of 
symptoms, signs, findings on investigation, and 
complications of this condition.” Thus the high 
incidence of sudden death, progressive heart 
failure, and cerebral embolus was identified. 
The presence of “extensive scattered fibrosis” 
was described and considered to be a possible 
anatomical basis for ventricular fibrillation. 
Hollman et al noted that the unifying 
pathological features were more consistent 
within this condition than the clinical features 
were within the one family. 

Thirty-two years of follow up data are now 
available on this family (fig 1, table 1). While 
there is a range of disease severity, this is a 
family with an especially malignant natural 
history. Of 13 affected individuals six died 
suddenly or experienced an out of hospital 
cardiac arrest. Another has been successfully 
resuscitated from acute circulatory collapse 
associated with the onset of atrial fibrillation. 
Six of these seven individuals were symptom- 
free before their premature sudden cardiac 
death, which occurred at ages between 18 and 
52 years. Those who have died suddenly had 
mild to moderate myocardial hypertrophy but 
considerable myocyte and myofibrillar disarray 
with extensive myocardial fibrosis. 

Faced with such a severe disease there was a 
move to undertake myomectomy, partly in an 


‘attempt to modify prognosis, in addition to 


controlling symptoms attributable to obstruc- 
tion of the left ventricular outflow tract. Two of 
those who underwent myomectomy (11-3 II-5) 


died in congestive heart failure shortly after-- 


wards (one while awaiting transplantation) 
while the third patient died (III-3) in a high 
output state within hours of operation for 
severe mitral regurgitation and left ventricular 
outflow obstruction. This individual had been 
on long term amiodarone treatment before 
operation for paroxysmal atrial fibrillation 
associated with generalised seizures. 


Molecular studies 

The molecular genetic techniques devised to 
screen for P MHC mutations have been 
described in detail elsewhere." In brief, seg- 
ments of DNA from the $ cardiac MHC genes 
ofan affected individual are amplified in vitro by 
the polymerase chain reaction. These products 


heart failure; LVH, e aia ypa ee Vaen i 
catheterisation 


or the presence of systolic anterior 


are analysed in an RNase protection assay 
which identifies mismatches between patient 
DNA and a normal control sequence. The 
entire coding sequence (approximately 6000 
base pairs) can be examined, m sections of up to 
500 base pairs at a time. DNA extracted from 
peripheral leucocytes of individual IT]-2 was 
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Figure 2 Detection of a sequence mismatch tn exon 14 in 
affected family members. An RNase protection of 


indicates cleavage of the normal RNA probe sequence 
because of a sequence mismatch with the DNA from 
affected individuals. 


screened in this way. The analysis showed 
evidence of a sequence mismatch in exon 14 in 
this individual. A similar analysis of the 
remaining family members showed this abnor- 
mality in all affected members (fig 2). In 
contrast, this mismatch was not present in 
unaffected family members. The association of 
this abnormality in myosin with the disease 
shows linkage of the familial hypertrophic 
cardiomyopathy trait to the MHC locus in this 
family, with a LOD score (logarithm of the 
odds) of 3-9 (odds of almost 10 000 to 1 in 
favour of linkage). 

This abnormality in exon 14, which shows 
complete concordance with disease status 
throughout the family and which to date has 
not been seen in unaffected individuals, is the 
likely candidate for being the disease-causing 
mutation. Further characterisation of this 
defect will establish the precise abnormality in 
MHC gene and its polypeptide structure. 


Implications of genetic diagnosis 

The detection of an abnormality within the f 
myosin heavy chain gene in a family such as this 
makes the subsequent diagnosis of disease state 
very simple in any family member. The diag- 
nosis can be made definitively in children and 


adolescents in these families and also in those: 


adults who are difficult to diagnose clinically.” 
Similarly, unaffected individuals can be told 
with certainty that they and their offspring will 
remain free of the condition, thereby avoiding 
the need for serial clinical screening. Although 
the surviving members of this family all have 
had correctly assigned clinical diagnoses it is 
noteworthy that sudden death has been the 
presenting feature in this family in the past. As 
members of generation IIT approach reproduc- 
tive age it is now possible to screen their 
offspring and establish the diagnosis at any 
stage. 

A genetic diagnosis made preclinically or 
even prenatally identifies individuals at risk of 
the complications of.familial hypertrophic car- 
diomyopathy before the development of clin- 
ically detectable abnormalities. For the first 
time, it is now possible to study the natural 
history before established hypertrophy or com- 
plications of familial hypertrophy cardiomyo- 
pathy develop. This means that treatment can 
be started early and its effects on the disease 
process or its consequences can be studied 
longitudinally. In particular, individuals iden- 
tified in this way as having familial hypertrophic 
cardiomyopathy can be assessed for risk factors 
for sudden death to allow for appropriate 
interventions. It is hoped that early diagnosis 
and use of existing treatment will already be 
sufficient to reduce the burden of the disease in 
families such as the one described here. Per- 
haps more importantly, the opportunity to 
perform prospective trials of intervention early 
in the course of familial hypertrophic car- 
diomyopathy should generate even more effec- 
tive treatment in the future. 

It is also expected that knowledge of the 
genetic basis of familial hypertrophic car- 
diomyopathy in a family or an individual may 
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provide more than a means of definitive 
diagnosis—by also providing a prognostic 
indicator. There is considerable variability 
in the severity of familial hypertrophic 
cardiomyopathy among different families, with 
some (such as the family Teare studied) show- 
ing far greater morbidity and mortality than 
others.'* Despite the acknowledged varie- 
bility of expression within a given family,'® 
such trends that characterise a particular family 
are most likely to result from the influence of the 
specific disease-causing mutation. As more 
disease-causing mutations are identified, a 
genetic classification is becoming available for 
some familial hypertrophic cardiomyopathy 
families, so that it is now possible to begin 
determining the influence of the type of muta- 
tion on the natural history (Watkins et al. 
Unpublished). The clinical features of 
unrelated families sharing a particular muta- 
tion can be compared with those of individuals 
with different mutations within the MHC genes 
and with those with non-myosin defects, to 
detect any predictive associations with par- 
ticular mutation types. 

In conclusion, genetic diagnosis in an 
individual or in a family is becoming a practical 
proposition and is likely to affect profoundly the 
management of this condition, both in terms of 
early diagnosisand riskstratification. Identifica- 
tion of the remaining disease-causing gene(s) in 
familial hypertrophic cardiomyopathy may be 
possible by investigating the genes for other 
cardiac contractile proteins. A complete gen- 
etic classification will then be available to deter- 
mine the full spectrum of manifestations of 
familial hypertrophic cardiomyopathy. Un- 
resolved issues such as the nature of apparently 
similar clinical syndromes” and the frequency 
and origins of sporadic disease, will be clarified. 
Moreover, in addition to the expected clinical 
benefits of these findings, the documentation of 
disease-causing mutations in the $ cardiac 
MHC gene will provide insights into myosin 
structure-function relations that will have 
impact in wider areas of basic science research. 
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ABSTRACTS IN CARDIOLOGY 


Big people and big hearts 


Many echocardiographic examinations and 
most necropsy reports adopt an arbitrary upper 
limit for left ventricular mass (allowing a 
difference for sex) to define the presence of 
hypertrophy. They do not make adequate 
allowance for the variation in body size. 

Left ventricular mass correlates strongly 
with body height as was well shown in a 
previous Framingham study by Levy and 
colleagues (American Journal of Cardiology 
1987;59:956—60). A further study reported in 


«corned wie ence name ‘ster a 


the abstract below shows that even after adjust- 
ment for height there remains an independent 
strong positive association with body weight. 
Thus obese subjects have unduly large and 
heavy left ventricles. These data raise questions 
about what should be regarded as “normal”’ 
and what as “hypertrophy”. Perhaps more 
important is the question whether the 
increased left ventricular mass in obese 
subjects is a cause of excess mortality. 

MJ DAVIES 


JAMA A 190% 234-36. a 
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ORIGINAL ARTICLES 
QT dispersion in sinus beats and ventricular 
extrasystoles in normal hearts 
Christopher P Day, Janet M McComb, Ronald W F Campbell 
Abstract As early as 1887 the QT interval of the surface 
Objective—Recent studies have sug- electrocardiogram was recognised as a poten- 
gested that QT interlead variability (dis- tial measure of electrical recovery in the ven- 
persion) on the surface electrocardio-_ tricles.' Since then, prolongation of the QT 
gram may have potential as a measure of interval has been associated with a risk of 
recovery time dispersion. To test this arrhythmias,’ a poor prognosis after myocar- 
hypothesis further QT dispersion occur- dial infarction, and drug toxicity* and has 
ring in sinus beats was compared with been regarded as evidence that a cardiac drug 
that in ventricular extrasystoles. has reached its target organ.” The QT interval 
Design—Simultaneous electrocar- in these circumstances is a measure of the time 
diograms were recorded at 50 mm/s_ from the earliest ventricular depolarisation to 
during sinus rhythm in a drug free state the latest repolarisation. But both these 
while ventricular extrastimuli were electrical processes are naturally temporally 
introduced by programmed right ven- dispersed. A wave of excitation is followed by 
tricular stimulation at different coupling a wave of recovery. In an elegant review, 
intervals. QT dispersion, defined as the Krikler identified the significance of the 
difference between the maximum and _ R-on-T ventricular extrasystole which not 
minimum QT, was calculated separately uncommonly complicates acute myocardial 
for the extrasystoles and preceding and infarction and which shows that even early in 
following sinus complexes. To correct the genesis of the surface electrocardiogram T 
for the influence of the number of wave some myocardial areas have regained 
measurable leads on QT dispersion, an excitability.° Such dispersion of repolarisation 
“adjusted” QT dispersion calculated as is widely acknowledged as a likely substrate 
QT dispersion/square root of the num- for serious ventricular arrhythmias but its 
ber of measurable leads, was used to existence is not exposed by a simple single 
compare sinus complexes and extrasys- measure of QT interval. 
toles. Work in our department has addressed 
Patients—Nine patients were studied whether interlead QT variability on the 
who were undergoing electrophysio- surface electrocardiogram is reflecting varia- 
logical study for investigation of palpita- tion in myocardial recovery of excitability. 
tion and were found to have electrically Strong support for that hypothesis has come 
normal ventricles. from analysis of patients with arrhythmogenic 
Results—At all coupling intervals QT prolongation and antiarrhythmic QT 
tested “adjusted’ QT dispersion was prolongation” and also from survivors of acute 
significantly greater in the ventricular myocardial infarction treated with placebo 
extrasystoles than in either the preced- and sotalol.* We now report the effect of ven- 
ing or following sinus complexes. For the tricular extrasystoles on interlead QT 
coupling interval 350 ms, the 95% con- varability. 
fidence intervals for the difference 
between means was 52 to 78 ms (preced- 
ing sinus complex) and 56 to 82 ms (fol- Patients and methods 
lowing sinus complex) (p < 0-00001). METHODS 
Department of There was no correlation between the We studied nine patients who were under- 
Academic Cardiology, coupling interval and the magnitude of going electrophysiological investigation of 
Freeman Hospital, the “adjusted” QT dispersion. palpitation. All were found to have electrically 
CEDe upon Tyne Conclusion—These results accord fully normal ventricles: none had evidence of 
J M McComb with expected differences in ventricular  preexcitation and none had inducible ven- 
R W F Campbell recovery time dispersion and offer fur- tricular tachycardia. Continuous simultaneous 
Correspondence to ther support for the hypothesis that QT 12 lead electrocardiograms were recorded at 
POPRA T ee dispersion reflects regional variation in 50 mm/s during sinus rhythm in a drug free 
epartment of Biochemistry 8 : 
and Genetics, University of ventricular recovery. If substantiated by state while ventricular extrasystoles were 
ee ee ae invasive studies, these findings have wide introduced by programmed right ventricular 
Apsented for pablicsdon implications for both the usefulness and stimulation either 300 ms or 350 ms after the 
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the method of QT measurement. 


preceding Q wave. A wider range of coupling 
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“Adjusted” OT dispersion 
(mean {(SD)) in 
ventricular extrasystoles 
(coupling interval 350 ms 
from preceding Q mave) 
and preceding and 
following sinus complexes. 
“Adjusted” dispersion was 
calculated as the difference 


Table I 


120 


8 


“Adjusted "QT dispersion (ms) 
2 8 


40 
20 
0 Before Extrasystole After 
extrasystole 


extrasystole 


intervals from 280 ms to 400 ms was also 
tested in six of the patients. Ten sinus com- 
plexes separated the differently timed ven- 
tricular extrasystoles. 

QT measurements were performed by one 
observer using a digitiser (CALCOMP 9000). 
All electrocardiograpic analysis was per- 
formed after the studies were completed. QT 
intervals were measured from the onset of the 
QRS to the end of the T wave (defined as its 
return to the T-P baseline) in the last com- 
pleted sinus complex preceding the ven- 
tricular extrasystole and the first sinus com- 
plex following the ventricular extrasystole. 
When U waves were present, the QT was 
measured to the nadir of the curve between 
the T and U wave. For the ventricular 
extrasystoles the interval between the pacing 
spike and the end of the T wave was 
measured. QT dispersion, defined as the dif- 
ference between maximum and minimum QT, 
was calculated separately for the ventricular 
extrasystoles, the preceding sinus complexes 
and the following sinus complexes. QT 
measurements were performed only in those 
leads where the T wave end could be reliably 
identified. In a previous study we showed that 
QT dispersion values are directly proportional 
to the square root of the number of measur- 
able leads and derived an ‘‘adjusted” QT 
dispersion calculated as QT dispersion 
divided by the square root of the number of 
measurable leads to correct for this influence.® 
Accordingly, for statistical analysis, this 
“adjusted” QT dispersion was calculated and 
used to compare the dispersion occurring in 
sinus complexes and ventricular extrasystoles. 

Student’s paired £ test was used to com- 
pared the mean “adjusted” QT dispersion 
occurring in sinus complexes and ventricular 


“Adjusted” QT dispersion (mean (SE)) in ventricular extrasystoles and 


preceding and following sinus complexes 
“Adjusted” QT dispersion (ms) 


Coupling Preceding st Ventricular Following 
interval complex ii extrasystole sinus complex 
300 22 S 80 o 23 (6) 

350 18 (2) 87 (6) 18 (2) 


“Adjusted” dispersion was calculated as the difference between maximum and minimum QT 
divided by the square root of the number of measurable leads. 
The coupling interval is the interval between the ventricular extrasystole and preceding Q wave. 
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extrasystoles. Confidence intervals were cal- 
culated for the differences between means. 


Results 

Table 1 and the figure show the results of QT 
dispersion analysis of sinus complexes and 
ventricular extrasystoles for the coupling 
interval 350 ms. The mean “adjusted” QT 
dispersion of the ventricular extrasystole was 
significantly greater than that of either the 
preceding or following sinus complex 
(p < 0-00001) with 95% confidence intervals 
for the difference between means of 72 to 78 ms 
(preceding sinus complex) and 56 to 82 ms 
(following sinus complex). There was no dif- 
ference in ‘“‘adjusted” dispersion between 
preceding and following sinus complexes. 
Similar results were obtained for the coupling 
interval 300 ms (also shown in table 1). 

Table 2 shows the results of “adjusted” QT 
dispersion occurring in ventricular extrasys- 
toles at a range of different coupling intervals. 
There was no correlation between the “‘adjus- 
ted’ QT dispersion and the coupling interval, 
although for each interval the dispersion of the 
ventricular extrasystole was at least three times 
greater than that of either the preceding or 
following sinus complex. In an attempt to 
correlate the magnitude of QT dispersion with 
the timing of the ventricular extrasystole in 
relation to the state of ventricular recovery we 
calculated the “prematurity index” expressed 
as the ratio of the coupling interval to the QT 
interval of the normal beat or R-R/QT mx for 
each electrocardiogram (data not shown). 
There was no correlation between this 
“prematurity index” and “adjusted” QT dis- 
persion. 


Discussion 

‘These results are a third piece of evidence that 
interlead QT variability as measured on the 12 
lead electrocardiogram is not merely a technical 
artefact but probably reflects dispersion of 
recovery of ventricular excitability. The adjus- 
ted QT dispersion of ventricular estrasystoles 
far exceeded that of the preceding or succeed- 
ing sinus complexes. Ventricular extrasystoles 
most certainly involve dispersion and disrup- 
tion of activation, and some of the measured 
QT variation must be attributed to this aspect. 
The lack of a positive correlation between the 
ventricular extrasytole coupling interval and 
the measured dispersion suggests that activa- 
tion disturbances were the predominant factor 
contributing to the QT dispersion. This is 
supported by the fact that irrespective of short 
coupling intervals producing what were 
tantamount to R-on-T ventricular extrasys- 
toles the configuration of induced extrasystoles 
and stimulus to onset times were independent 
of the coupling interval. The increased disper- 
sion of activation times will also lead to 
increased dispersion of action potential dura-. 
tions depending on electrical restitution, but if 
this were the major factor producing QT 
dispersion then dispersion would have been 
expected to vary with coupling interval. Our 
work in humans accords with animal studies in 


QT dispersion in sinus beats and ventricular extrasystoles in normal hearts 


Table 2 “Adjusted” QT dispersion in ventricular extrasystoles at varying coupling 
tntervals 





“Adjusted” QT dispersion (ms) 
Coupling interval (ms) Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 


280 m 118 — 78 = 72 
300 57 95 — 75 8I 101 
3200 — 120 72 95 101 57 
350 72 113 78 66 75 78 
360 78 124 107 72 95 121 
400 69 78 98 61 66 107 





See footnote to table 1. 


which temporal dispersion of ventricular 
recovery was increased considerably more by a 
ventricular extrasystole than by a sinus com- 
plex.’ In these experiments increased disper- 
sion of ventricular activation times rather than 
increased dispersion of action potential dura- 
tions was responsible for the difference. 

Our investigations showed that the QT dis- 
persion of the first sinus complex after the 
ventricular extrasystole was almost identical to 
that of the sinus complex preceding the 
extrasystole. Thus despite the important elec- 
trical pertubations caused by the ventricular 
extrasystole, the electrophysiology of the ven- 
tricle returned to the pre-ventricular extrasys- 
tole conditions within a single cardiac cycle in 
these patients with normal hearts. This finding 
supports the concept of “T wave memory” 
whereby the characteristics of electrical 
recovery are retained except in the face of 
prolonged and consistent abnormalities of 
activation." 1? 

The methods we used may have been flawed. 
Surface electrocardiographic QT measurement 
ig subject to errors but previous work has 
shown that variation in interlead measure- 
ments far outweigh inaccuracies introduced by 
any other factor including interobserver varia- 
tion.” It was obviously impossible to blind the 
observer to whether the complex being 
measured was sinus or extrasystolic but the 
large differences in QT dispersion between the 
two types of complex seem unlikely to be 
explained by observer bias alone. There are 
potential problems in comparing the dispersion 
of sinus initiated QRS complexes with that of 
QRS complexes induced by a pacing spike. 
Unlike the pacing spike the onset of the Q wave 
might be expected to vary between leads accor- 
ding to previously established varations in 
activation time; QT dispersion would then 
reflect dispersion of action potential durations 
rather than dispersion of ventricular recovery 
time. Previous work, however, has shown 
interlead variation in Q wave onset to be small 
compared with known regional differences in 
activation time,’?'© which is considered to 
reflect the greater dependence of Q wave onset 
on global rather than local cardiac events.’ 
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Thus Q wave onset, like pacing spike onset, is 
virtually synchronous with the earliest onset of 
ventricular activation. 

Late in the development of one of car- 
diology’s classic tools we have found that the 
surface electrocardiogram may provide new 
information. All available evidence is that QT 
dispersion does reflect underlying regional 
variations in the recovery of ventricular 
excitability. If this view is more widely en- 
dorsed then a radical revision of QT 
measurements will be necessary. Classic 
studies from the past may not survive scrutiny. 
The only scientifically acceptable QT informa- 
tion that would be obtained from a 12 lead 
electrocardiogram would be either the maxi- 
mum measured QT interval (implying a search 
for this on all 12 leads of the surface electrocar- 
diogram) or dispersion of QT intervals. 


We thank Dr Dennis M Krikler whose help, encouragement, 
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tion and the British Digestive Foundation. 
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Electrical restitution in the endocardium of the 
intact human right ventricle 


John M Morgan, David Cunningham, Edward Rowland 


Abstract 

Objective—To characterise electrical 
restitution in the intact human heart. 

Patients and Methods—A series of 
monophasic action potential electrical 
restitution curves were constructed from 
a single right ventricular endocardial 
site in eight patients (three men) without 
structural heart disease aged 42-68 
(mean 55 years). A combination pacing/ 
monophasic action potential electrode 
was used to pace and record monophasic 
action potentials at drive cycle lengths of 
from 350ms to 1500 ms. Ventricular 
extrastimuli were delivered at 20 cycle 
intervals and decreased from the longest 
coupling interval attainable without 
escape beats. 

Results—Restitution curves shifted 
downward and towards the left; steady 
state action potential duration shifted 
from the restitution plateau and descen- 
ded the curve, the amount of shift being 
linearly related to drive cycle length in 
two patients in whom the relation could 
be assessed; the amount of monophasic 
action potential shortening was a func- 
tion of the degree of prematurity and 
that relation was unaffected by drive rate; 
the magnitude of restitution and the 
time constant of the restitution curve 
were not changed significantly by altered 
drive cycle length. 

Conclusion-—In the intact heart in 
vivo, electrical restitution (of the mono- 
phasic action potential) has similar 
characteristics to those (of the trans- 
membrane action potential) in cellular 
preparations in vitro. Thus the altera- 
tion of action potential plateau currents 
by instantaneous rate change or drug 
effects, which can be directly observed by 
techniques available to the cellular elec- 
trophysiologist, may be indirectly asses- 
sed in vivo by characterisation of the 
effect of these on e:ectrical restitution. 


The action potential of a myocardial cell 
achieves a constant duration when the 
frequency of its depolarisation is constant but 
shortens instantaneously if a premature 
extrastimulus is delivered.! This has relevance 
to the mechanism of ventricular tachycardia 
induction by the delivery of a premature 
extrastimulus during clinical electro- 
physiology study, when action potential 
shortening and the altered velocity of conduc- 


tion may contribute to the initiation of a 
reentry circuit.”* 

The electrical restitution curve relates the 
amount of action potential shortening to the 
prematurity of an extrastimulus.’ That rela- 
tion has been characterised by the transmem- 
brane action potential recording in in vitro 
preparations’ and has also been investigated 
in the intact human heart in vivo using the 
monophasic action potential. In retrospect, 
these latter studies had drawbacks because 
investigators were unable to determine the 
duration of the monophasic action potential at 
the site of stimulation (so introducing conduc- 
tion delay after premature ventricular extra- 
stimulation which may have limited shorten- 
ing of the diastolic time interval), because 
only one®? or two’ drive rates were used 
within individuals or because restitution 
curves were constructed with extrastimulus 
coupling intervals that were too long to chart 
accurately the sharp descent of the restitution 
curve.® 

The purpose of this investigation was to use 
a “combination” monophasic action potential 
recording/pacing electrode” to characterise 
electrical restitution in the intact heart at a 
series of drive rates in a manner analogous to 
the characterisation of electrical restitution in 
single cell preparations. The clinical rele- 
vance of these observations is discussed. 


Patients and methods 

Eight patients (three male) aged 52-68 (mean 
55 years) undergoing electrophysiology study 
of either atrioventricular reentrant tachycardia 
or sinus node disease but without evidence of 
structural heart disease on echocardiography 
or exercise stress testing at high workload 
were recruited for this study. All patients gave 
informed consent for the study protocol which 
had been approved by the ethics committee of 
the National Heart and Chest Hospitals. 


TECHNIQUE 
Patients were studied in the resting post- 
absorptive unanaesthetised state. Femoral 
venous access was obtained by a modified 
Seldinger technique and two 6F introducers 
were inserted into the right femoral vein. A 
combination electrode (EP Technologies, 
Mountain View, California, USA) to measure 
the monophasic action potential was passed to 
the right ventricle under fluoroscopic control. 
The position of the combination electrode was 
adjusted to give satisfactory monophasic 
action potential signals. The threshold for 
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Figure 1 A series of electrical restitution curves constructed at a right ventricular 
endocardial site; drive cycle lengths ranging from 500 ms to) 1500 ms. 


ventricular pacing with the combination elec- 
trode was determined and ventricular pacing 
was performed at twice diastolic threshold 
with a programmed stimulator (Biotronik, 
Berlin, Germany). All monophasic action 
potential signals were recorded for analysis at 
a paper speed of 100/200 mm/s on an inkjet 
recorder (Siemens Elema Mingograf, 
Sweden). 


STUDY PROTOCOL 

A series of electrical restitution curves was 
constructed in individuals at a single right 
ventricular endocardial site and at incre- 
mented drive cycle lengths. Ventricular pac- 
ing was performed for two minutes at each 
drive cycle length to establish a steady state. 
Thereafter, ventricular extrastimuli were 
delivered at twenty cycle intervals, reducing 
the coupling interval in decrements of 40 ms, 
20 ms and 10 ms from the drive cycle length 
until refractoriness was encountered. We con- 
firmed that the twenty cycle interval between 
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Figure 2 “Site-specific” restitution curve; percentage change in premature monophasic 

action potential duration from steady state monophasic action potential duration plotted 
ainst percentage change in extrastimulus coupling interval from drive cycle length for 
l electrical restitution curves shown in figure 1. 


43 


extrastimuli was adequate to allow mainten- 
ance of a steady state background upon which 
to deliver extrastimuli (despite perturbation 
by the premature stimulus) by measurement 
of the monophasic action potential duration 
preceding premature stimulation, which was 
found to remain constant throughout. Extra- 
stimuli were also delivered at twenty cycle 
intervals with an increased coupling interval 
from the drive cycle length by allowing one 
second intervals between drive trains until 
escape beats occurred. In this way electrical 
restitution curves were constructed in a 
manner similar to that previously described in 
the investigation of electrical restitution in 
cellular preparations.’ í 


DATA AND STATISTICAL ANALYSIS 

Monophasic action potential durations were 
determined at 90% repolarisation."’ Mag- 
nitude of restitution was defined as the 
difference between the monophasic action 
potential duration elicited by the shortest 
extrastimulus coupling interval that elicited a 
propagated response and the monophasic 


‘action potential duration on the plateau of the 


electrical restitution curve. The maximum 
percentage shortening of the monophasic 
action potential from the steady state mono- 
phasic action potential duration was deter- 
mined at each drive rate and compared within 
individuals. Electrical restitution curve time 
constants were obtained by fitting simple 
exponential curves to the electrical restitution 
curves at each drive rate.° 

In all patients curves were constructed at 
400 ms, 500 ms, 600 ms, and 700 ms drive 
cycle lengths and differences in restitution 
curve magnitude, maximum percentage action 
potential shortening, and time constant of 
restitution were compared between these 
drive rates by the Kruskal-Wallis test and 
significance was taken as p < 0-05. 


Results 

Restitution curve series (4-7 curves) were 
obtained over a range of drive cycle lengths 
from 350 ms to 1500 ms. In all patients’ res- 
titution curve series the following characteris- 
tics were identified. 

Restitution curves shifted downwards and to 
the left with increasing drive rate (fig 1). Res- 
titution curves were biphasic in all individuals, 
though the duration of the “supernormal”’ 
action potentials, and therefore the height of 
the restitution “hump”, varied between 
individuals. However, in all instances it was 
small compared with the magnitude of the 
restitution curve (<20%). There was also 
variation in the size of the restitution “hump” 
within individuals so that “supernormal” 
action potentials were longer at faster drive 
rates in some and at intermediate or slower 
drive rates in others. 

For any given percentage decrease (from 
drive cycle length) of extrastimulus coupling 
interval there was a corresponding percentage 
shortening of monophasic action potential 
duration (from steady state duration) that was 
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Table 1 Magnitude of restitution curves at various drive rates in eight patients 








Drive cycle length (ms) 
Patient 1500 1200 1000 900 800 750 700 600 S500 450 400 350 
I 136 135 125 135 135 120 130 125 
2 35 55 55 40 
3 60 70 80 70 
4 OO 45 40 50 70 45 
5 85 85 95 90 90 
6 110 100 90 110 100 
7 50 40 45 40 45 50 
8 90 85 95 100 





independent of drive rate and characteristic ofa 


particular site (fig 2). 

With increasing drive rate the steady state 
monophasic action potential duration shifted 
along the restitution curve plateau towards the 
shoulder of the curve, although the drive rates 
used were not sufficiently fast to cause the 
monophasic action potential duration to 
approach the sharp descent of the electrical 
restitution curve (fig 1). 


The magnitude of the restitution curve did. 


not change significantly with increasing drive 
rate within patients (table 1). 

The maximum percentage shortening of 
monophasic action potential duration after the 
most premature extrastimulus that elicited a 
propagated response did not change signifi- 
cantly with increasing drive rate (table 2). 
Simple exponential curves were fitted to the 
electrical restitution curves (correlation co- 
efficients ranging from 0-85 to 0-96) and the 
time constants of these were not significantly 
different within individuals (ranging from 0:5 s 
to 1-3 8). : 

In two patients sufficient electrical restitutio 
curves were constructed over an appropriate 
range of drive cycle lengths to allow determina- 
tion of the relation of the difference between the 
steady state action potential duration and the 
duration of the monophasic action potentials 
on the electrical restitution curve plateau with 
drive cycle length. This relation was linear at 
shorter drive cycle lengths and terminated in a 
plateau at longer drive cycle lengths as the 
steady state action potential duration moved 
onto the restitution curve plateau from the 
shoulder of the restitution curve (fig 3). 


Discussion 

After Gettes et al described shortening of the 
action potential duration after premature 
extrastimulation,! Bass characterised action 


Table2 Maximum percentage shortening from steady-state monophasic action potential 
niin during construction of electrical restitution curves at various drive rates in eight 
ine i 








Drive cycle length (ms) 

Patient 1500 1200 1000 900 800 750 700 600 500 450 400 350 
1 29 30 29 36 35 25 32 35 

2 13 16 22 17 

3 16 23 24 23 

4 22 18 19 22 33 33 

5 25 33 4l 41 45 

6 29 28 27 32 38 
7 11 8 8 9 9 12 
8 33 33 35 34 
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Figure 3 Plot of difference between steady state 
monophasic action potential duration and monophasic 
action potential duration on the plateau of the electrical 
restitution curve against drive cycle length for the series of 
electrical restitution curves shown in figure 1. 


potential shortening after premature extra- 
stimulation as electrical restitution’ and 
evidence has since been found that electrical 
restitution is determined by slow recovery of. 


. plateau currents from the processes of activa- 


tion and inactivation” ” (although others have 
suggested that potassium accumulation in the 
extracellular clefts may also have a role.'* 

The influence of drive rate on electrical 
restitution in cellular preparations has been 
characterised by Boyett and Jewell” with fur- 
ther observations made by Boyett and Fedida” 
who have shown that an increase in drive rate 
causes the electrical restitution curve to shift 
down and to the left: down because the steady 
state action potential has adapted at a higher 
rate to a shorter duration and to the left because 
incomplete recovery of the action potential 
plateau currents causes the steady state action 
potential duration to move from the restitution 
curve plateau towards the shoulder of the 
curve. 

Franz and colleagues”? and Seed and 
colleagues’ used the monophasic action poten- 
tial recording technique to investigate electrical 
restitution in the intact human heart. Both 
groups demonstrated shortening of the mono- 
phasic action potential after premature ven- 
tricular extrastimulation. Franz and colleagues 
found that an increase in drive rate caused 
electrical restitution curves to shift to the left 
and downwards as in cellular preparations’ ° 
but they compared only two drive rates and 
performed ventricular pacing in only two 
patients.’ They also reported that electrical 
restitution curves could be biphasic with a 
phase of “supernormal’”’ action potentials 
before the descent of the restitution curve and 
repeated this observation in a later report." 
““Supernormal’’ action potentials have also 
been noted on transmembrane action potential 
recordings from preparations of both human 
and animal hearts’!®® but not in other 
species’ and it is suggested there may be 
species differences.” ” Possible mechanisms of 
“supernormal”’ action potentials have been 
suggested. Bass’ and Greenspan and 
colleagues’! have suggested that a low calcium 
transient, caused by incomplete mechanical 
restitution after premature extrastimulation, 
results in increased inward calcium currents 
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which maintain the action potential plateau and 
_ therefore prolong action potential duration. 
` Tinuma and Kato” reported that calcium chan- 

nel blocking agents suppress supernormal res- 
titution and this is. cited as evidence for this 
“calcium theory”. The situation is almost 
certainly more complex because the principal 
inward current supporting the action potential 
plateau may be the sodium/calcium exchange 
current and not inward movement of calcium.” 
However, in the presence of a low internal 
calcium transient, the fast inward calcium 
current may be greater in amplitude and dura- 
tion% and could therefore support a longer 
action potential duration during the early 
restitution phase than that determined by 
recovery of plateau currents alone. However, 
Seed and colleagues did not find that electrical 
restitution was biphasic’ but this may have 
been because of the size of the decremented 
coupling interval that was used to plot the 
electrical restitution curve. 

We found that the restitution curve is dis- 
placed downwards and to the left at faster drive 
rates and that the steady state action potential 
duration moves towards the shoulder of the 
restitution curve. However, in contrast to the 
observations of Boyett and Jewell,® the differ- 
ence in the magnitude of the restitution curve 
did not decrease significantly with increasing 
drive rate. Similarly, the time constants of the 
restitution curves did not change significantly 
with increasing drive rate in this work whereas 
Boyett and Jewell reported an increase in the 
time constant with increasing drive rate.® 
However, the range of drive rates (minimum 
350 ms and maximum 1500 ms drive cycle 
length) that could be used in this in vivo study 
in the intact human heart was narrower of 
necessity than that used in the investigation of 
electrical restitution in vitro (from 0-25 beats/ 
min to 220 beats/min) and this constraint may 
explain these discordant observations. Also a 
phase of ‘“supernormal” restitution was 
observed immediately after the plateau phase in 
all curves and in all patients although the 
increase in monophasic action potential dura- 
tion varied with drive rate within and between 
individuals. This suggests that the phenom- 
enon is influenced by the degree of prematurity, 
the background drive rate, and perhaps other 
site-specific factors. 

We suggest that these observations are 
relevant to clinical electrophysiology because 
ventricular tachycardia study protocols use 
premature ventricular extrastimulation during 
ventricular drive pacing to induce ventricular 
arrhythmia.” * A suggested mechanism of ven- 
tricular tachycardia induction after premature 
ventricular extrastimulation is creation of a 
reentry circuit due to slowed conduction, dis- 
persion of refractoriness, or a combination of 
both.** There is experimental evidence that 
altered dispersion of refractoriness or action 
potential duration contributes to the arrhyth- 
mogenic substrate. Kuo and colleagues used a 
“global hypothermia with regional warm blood 
perfusion model” to induce disorganisation of 
repolarisation and observed a critical exaggera- 
tion of regional variation in monophasic action 
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potential duration which allowed the induction 
of’ sustained ventricular tachycardia with a 
single extrastimulus.”’ The same group showed 
in later work that dispersion of the monophasic 
action potential duration was further exag- 
gerated by a premature extrastimulus though a 
second premature extrastimulus was required 
for the induction of ventricular arrhythmia.” 
In earlier work, Han and Moe reported that 
temporal dispersion of recovery of excitability 
was minimal in steady state conditions but 
increased after premature extrastimulation.” 
In the clinical context, it has been suggested 
that dispersion of refractoriness creates the 
substrate for arrhythmia, after premature 
ventricular extrastimulation™” or a premature 
extrasystole succeeding a  ‘“short-long”’ 
sequence.” Our own group has also found 
evidence of abnormal electrical restitution in 
diseased myocardium.” 

Thus characterisation of electrical restitu- 
tion in normal and diseased myocardium may 
give insight into the contribution of cellular 
mechanisms to the arrhythmogenic substrate. 
Furthermore, the drug effect on electrical res- 
titution may characterise some aspects of drug 
antiarrhythmic properties and recent reports 
have described the effect of new class IJ agents 
on action potential plateau currents.” The drug 
effect on electrical restitution may therefore 
offer unique opportunities to determine drug 
action both in vitro and during clinical electro- 
physiology study in vivo. 

In conclusion, electrical restitution in the 
intact heart (investigated by the monophasic 
action potential recording technique) re- 
sembles electrical restitution in cellular 
preparations. This may offer a bridge between 
clinical and cellular electrophysiology, 
allowing the observations of the cellular elec- 
trophysiologist on action potential plateau 
currents in vitro to be explored in clinical 
studies in vivo. 
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Value of ambulatory ST segment monitoring in 
patients with chronic stable angina: Does 
measurement of the ‘“‘total ischaemic burden” 


assist with management? 


D Mulcahy, J Parameshwar, D Holdright, C Wright, J Sparrow, G Sutton, K M Fox 


Abstract 

Objective—To assess the prognostic 
significance of transient ischaemic 
episodes during daily activities in 
patients with stable angina. 

Patients and methods—172 patients 
with stable angina attending the cardiac 
outpatients departments of Hillingdon 
Hospital (n = 155) and the National Heart 
Hospital (n = 17) were prospectively 
studied by exercise testing and 48 hours of 
ambulatory ST segment monitoring, and 
followed for prognostic purposes for up to 
39 months (mean 24:5 months). Patient 
inclusion depended on a clinical diagnosis 
of stable coronary artery disease which 
necessitated outpatient review (and 
antianginal treatment in 94% of 
patients). It was not dependent on objec- 
tive evidence of reversible ischaemia. 
Events recorded during the follow up 
period included death, non-fatal myocar- 
dial infarction, unstable angina, and the 
requirement for revascularisation. 

Results—72 patients (42%) had tran- 
sient ischaemic episodes during daily 
activities, and 104 patients (60:5%) had an 
ischaemic response to exercise. 63 
patients (36%) had evidence of ischaemia 
on both investigations; with 59 (34%) hav- 
ing no documented ischaemia on either 
investigation. There were 27 patient 
events (15°7%) recorded over a mean 24°5 
month follow up, including five deaths 
(2:'9%) (three cardiac related (1:7%)), six 
non-fatal myocardial infarctions (3°5%), 
six admissions with unstable angina 
(3-5%), and 10 revascularisation pro- 
cedures (5°8%). Of the nine “hard” or 
objective end points (cardiac death and 
non-fatal myocardial infarction), only 
two had evidence of transient ischaemia 
on ambulatory ST segment monitoring at 
initial investigation, with 10 of the 25 
patients (38°5%) with any cardiac event 
having such episodes. 

Conclustons—The outcome in patients 
with chronic stable angina receiving stan- 
dard medical treatment was good over a 
mean two year follow up period. For the 
purpose of assessing prognosis over this 
time scale, there was no advantage to 
performing ambulatory ST segment 
monitoring in such patients. 


Many studies have confirmed that a significant 
proportion of patients with stable angina have 
transient ischaemic episodes during their daily 
activities and that most of these episodes occur 
in the absence of symptoms.’” It has been 
shown that the characteristics of silent and 
painful episodes of transient ischaemia are 
similar.*° Though there is considerable 
evidence to suggest that transient ischaemia 
(predominantly silent) is of adverse prognostic 
significance in patients with unstable angina®’ 
and in high risk patients after myocardial 
infarction,® there is little information on the 
prognostic significance of transient ischaemic 
episodes in patients with chronic stable angina. 
Two groups have recently reported that the 
demonstration of transient ischaemia during 
the daily activities of patients with stable 
angina helps to identify subgroups at increased 
risk of developing the end points of coronary 
disease over a ome to two year period;’”° 
however, these studies only included patients 
with documented evidence of ischaemia on 
exercise testing, usually at low workloads, and 
in one study” a 23 month cardiac mortality of 
15% was reported in patients with angina that 
was well controlled by treatment. Large scale 
studies, however, show that overall prognosis 
in chronic stable angina is generally better than 
this.!! 12 

We assessed the prognostic significance of 
transient myocardial ischaemia in patients 
attending two cardiac outpatient departments 
with a diagnosis of stable coronary artery 
disease, for which most had been prescribed 
suitable antianginal treatment. This popula- 
tion was chosen because it is typical of most 
patients with angina being treated by their 
physician. 


Patients and methods 

One hundred and seventy two patients with 
stable angina who were attending the cardiac 
outpatient department of a district general 
hospital (n = 155) ora tertiary referral cardiac 
centre (n = 17) were included in the study 
between February 1988 and August 1989. All 
were enrolled during a routine outpatient visit. 
There were 148 men and 24 women (mean age 
58-4 years (range 37-78). Seventy five patients 
(44%) had had a previous myocardial infarc- 
tion and 23 (134%) had undergone coronary 
artery bypass surgery (n = 21) or percutan- 
eous transluminal coronary angioplasty 
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(n = 2). A total of 141 patients were taking 
long-acting antianginal medications. 

Patients were included in the study if hey 
had stable coronary artery disease which neces- 
sitated regular outpatient review. Documented 
evidence of ischaemia was not a requirement 
for inclusion, nor was absolute evidence of 
coronary artery disease. Exclusion criteria 
included the presence of significant conduction 
disturbances and medical treatment likely to 
affect the ST segment. 


INVESTIGATIONS 

All patients were referred to the National Heart 
Hospital, where they underwent maximal 
symptom limited treadmill exercise testing 
followed by 48 hours of ambulatory ST seg- 
ment monitoring, which was performed out- 
side the hospital. 


Exercise testing 

All patients underwent maximal symptom 
limited treadmill exercise testing according to 
the modified Bruce protocol.” Electrocar- 
diograms were recorded at the onset and every 
three minutes during exercise and also when 
significant ST segment depression developed. 
A test was regarded as positive for ischaemia if 
there was planar or downsloping ST segment 
depression of >1 mm from baseline measured 
0-08 s after the J point, that persisted for three 
consecutive beats in one or more leads. Exer- 
cise was limited by the development of chest 
pain, breathlessness, exhaustion, intermittent 
claudication, ventricular arrhythmias, or 
hypotension. 


Ambulatory ST segment monitoring 

All patients underwent 48 hours of ambulatory 
ST segment monitoring outside hospital using 
pregelled electrodes to record two bipolar 
leads, an anterior lead (CM5), and an inferior 
lead. The sites and method of application of 
these electrodes have been described else- 
where. Two channel recordings were then 
made onto magnetic tape with a frequency 
modulated dual channel recorder (Oxford 
Medilog 2 or MR35). These systems have an 
adequate frequency response to record and 
display accurately the ST segment. Tapes were 
then visually analysed at 60 to 120 times normal 
speed by an Oxford Medilog MA20 scanner, 
and all printouts were at 25 mm/s. Significant 
ST segment depression was defined as a planar 
or downsloping shift of the ST segment of 
21mm measured 0-08 s after the J point and 
persisting for more than one minute. Sig- 
nificant ST segment elevation was defined as an 
upward shift of >1 mm of the ST segment 
measured at the J point and persisting for more 
than one minute. Changes in the T wave vector 
were not regarded as evidence of myocardial 
ischaemia unless they were accompanied by 
significant ST segment changes. 

During the period of ambulatory monitoring 
all patients maintained a detailed angina diary, 
recording the time of each episode of pain, the 
activity at the onset of symptoms, and the 
requirement for glyceryl trinitrate. An event 
marker on the ambulatory monitor was pressed 


at the onset of symptoms. This marked the 
magnetic tape so that the electrocardiographic 
playback would automatically display the elec- 
trocardiogram at that time. All patients were 
encouraged to continue with their normal daily 
activities during the monitoring period. 


ANTI-ANGINAL MEDICATIONS 

Patients received standard antianginal medica- 
tions as prescribed by their attending car- 
diologist during the period of study. One 
hundred and forty one patients (82%) received 
long-acting antianginal treatment. This consis- 
ted of a f adrenergic blocking agent (n = 109), 
a calcium channel blocking agent (n = 60), and 
long-acting nitrates (n = 88), either singly 
(n = 54) or in various combinations (double 
therapy n = 59; triple therapy n = 28; total 
n = 87). A further 20 patients (11-6%) used 
short-acting nitrate preparations as required, 
and 11 patients (6-4%) reported not taking any 
medications at the time of study. 


FOLLOW-UP DATA 

Of the 172 patients enrolled in aie study, all 
were reviewed as outpatients as near to or more 
than two years after inclusion where possible. 
Where outpatient follow up was not possible, 
details of patient deaths or clinical state were 
obtained from the general practitioner or by 
telephone interview with the patients. For 
those with events, follow up was taken as the 
time of occurrence of such episodes. Details of 
hospital admissions and clinical state over the 
follow up period were recorded in each case, 
and a resting electrocardiogram was performed 
for reasons of comparison to exclude “‘silent 
myocardial infarction” over the intervening 
time. All reported non-fatal myocardial infarc- 
tions were confirmed by assessment of the 
clinical notes and the electrocardiograms and 
by confirmation of a significant rise (more than 
twice normal) in cardiac enzymes. Silent 
myocardial infarction was sought in 138 
patients without a recorded event during the 
follow up period who were reviewed as out- 
patients. 


STATISTICAL ANALYSIS 

The three variables (exercise duration, time to 
angina, and time to ischaemia on exercise) were 
compared by a one way analysis of variance. 
Statistical significance was taken to be 
p < 0-05. 


Results 

One hundred and seventy two patients were 
studied on an intention to treat basis: 155 
(90%) had evidence of coronary artery disease, 
with reversible ischaemia on exercise testing or 
ambulatory ST segment monitoring, or prior 
myocardial infarction, cardiac catheterisation, 
coronary artery bypass surgery, or coronary 
angioplasty. A further 17 patients had chest 
pain suggestive of angina, without having 
objective evidence of reversible ischaemia. 


EXERCISE TESTING 
One hundred and seventy two patients under- 
went maximal symptom limited treadmill exer- 
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cise testing: 104 (60:5%) had an ischaemic 
response. The mean total duration of exercise 
for the whole group was 8-4 minutes, the mean 
time to ischaemia was 6-3 minutes, and the 
mean time to angina was 6-4 minutes. One 
hundred and twelve (65%) patients developed 
angina during the investigation. 


AMBULATORY ST SEGMENT MONITORING 

During a total of 7568 hours of ambulatory ST 
segment monitoring in 172 patients (mean 44 
hours), 72 patients (42%) had one or more 
episodes of transient ST segment change. 
There were 370 episodes of ischaemia recor- 
ded, of which 271 (73%) were silent and 99 
(27%) painful. Of the 72 patients, 32 (44%) 
had only silent episodes, 14 (19%) only painful 
episodes, and 26 (36%) had both silent and 
painful episodes. 

Figure 1 shows the relation between the 
results of exercise testing and ambulatory ST 
segment monitoring. Sixty three patients with 
ischaemia on ambulatory ST segment monitor- 
ing had an ischaemic response during exercise 
and only nine patients had a negative exercise 
test but transient episodes of ischaemia during 
daily activities. Forty one patients had a 
positive exercise test and no ambulatory 
ischaemia. A total of 59 patients had no 
evidence of ischaemia on either investigation. 
Patients with both tests positive (n = 63) hada 
significantly shorter time to ischaemia on exer- 
cise testing than those with only a positive 
exercise test (n = 41) (5:91 v 7:23 min, 
p < 0-02). Those with both tests positive had a 
similar maximal exercise time as those with 
ischaemia only on exercise (7-73 v 8-64 min, 
p = 0-088). The difference in time to maximal 
exercise between groups with both tests 
positive (n = 63) and both tests negative 
(n = 59) for ischaemia was statistically sig- 
nificant (7:73 v 8-92 min, p < 0-03). 


RELATION OF ISCHAEMIA TO SYMPTOMS ON 
EXERCISE 

One hundred and twelve patients (65%) 
experienced angina during formal exercise test- 
ing. Fifty (80%) of 63 patients with ischaemia 
both during exercise and daily activities, and 34 
(83%) of 41 patients with ischaemia only on 
exercise testing developed angina during exer- 
cise compared with 24 (40%) of 59 patients 
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Figure 1 Number of patients with evidence of transient ischaemic change during daily 
life in association with (n = 104) and without (n = 68) a positive exercise test for 
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with no evidence of ischaemia on either inves- 
tigation. 


FOLLOW UP DATA 

Patients were followed up for a mean of 24:5 
months (range 1-39 months), during which 
time 27 patient events were recorded, of which 
25 (14-7%) were cardiac. These are divided 
into “hard” or objective end points (non-fatal 
myocardial infarction and cardiac death) and 
“soft” or subjective end points (unstable 
angina and revascularisation) where physician 
diagnosis and decision making influence the 
event rate. 

There were five deaths recorded, three from 
heart disease and two from malignancy. Six 
patients had an acute myocardial infarction. A 
further six patients were admitted to hospital 
where unstable angina was diagnosed, and 10 
patients were referred for revascularisation 
procedures (bypass n = 9, angioplasty n = 1), 
of which nine were performed electively (fig 2). 


EVENTS RECORDED 

Hard end points 

Nine objective end points were recorded (three 
cardiac deaths and six acute myocardial infarc- 
tions) during the 24 month follow up period; 
four patients showed evidence of ischaemic 
change on exercise testing, but only two had 
such evidence during ambulatory monitoring. 
One patient who died suddenly while driving 
his car had had frequent episodes of ischaemia 
during ambulatory monitoring and an 
ischaemic exercise test, and a further patient 
with ischaemic changes during both investiga- 
tions had a non-fatal myocardial infarction. 
Five of the six patients with non-fatal myocar- 
dial infarction had no evidence of ischaemia on 
either investigation at inclusion in the study. 


Soft end points 

Six patients were admitted to hospital with 
unstable angina: four had had a positive exer- 
cise test and two had positive tapes, with five of 
the six having evidence of ischaemia on at least 
one investigation. Of the 10 patients referred 
for revascularisation because of symptoms, 
seven had a positive exercise test and six had 
positive tapes. Seven had evidence of ischaemia 
on at least one investigation. 


RELATION OF COMBINED ELECTRO 
CARDIOGRAPHIC FINDINGS TO EVENTS 

There were 63 patients with a positive exercise 
test and evidence of transient ischaemia on 
ambulatory ST segment monitoring; one 
patient died and one had acute non-fatal 
myocardial infarction over the two years of 
follow up (objective event rate 3-2%). A further 
patient had unstable angina, and six were 
referred for revascularisation (total nine patient 
events (14:5%)). Of the 59 patients with 
neither test positive, five had an acute non-fatal 
myocardial infarction (objective event rate 
8:-5%), one unstable angina, and three were 
referred for revascularisation (total nine patient 
events (15-2%)). A further two deaths, four 
episodes of unstable angina, and one referral 
for revascularisation occurred in those 50 
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Figure 2 Recorded events in 172 patients with stable coronary artery disease over a 
24-5 month follow-up. sil 


patients with one test positive for ischaemia 
(positive exercise test in all bar one instance) 
(total seven patient events (14-0%)) (fig 3). 

In the 104 patients with a positive exercise 
test for ischaemia there were nine events in the 
63 patients (61%) with ambulatory ischaemia, 
compared with six events in the 41 patients 
(39%) without (14-3% v 14-7% event rate). 
Four hard end points (three cardiac deaths and 
one non-fatal myocardial infarction) . were 
recorded over the follow up period in those 
with a positive exercise test; two occurred in 
those with ambulatory ischaemia and two in 
those without. 


FREQUENCY OF ““SILENT’? MYOCARDIAL 
INFARCTION 

One hundred and thirty eight patients under- 
went resting electrocardiography at the time of 
their follow up visit to check for “silent 
myocardial infarction” over the follow up 
period (the development of new abnormal Q 
waves or loss of R wave progression in the 
precordial leads in the absence of a history of 
infarction). No electrocardiographic evidence 
was found in any patient to suggest that such an 
event had occurred. 
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Figure 3 Number of patients with stable angina and frequency of hard (non-fatal 
myocardial infarction and cardiac death) and soft (unstable angina and requirement for 
revasculartsation) end points over a 24-5 month follow up in those patients with evidence 
of ischaemia on both exercise testing and ambulatory ST segment monitoring, on neither 
test, and on one test only. 


Discussion 

This study confirms that approximately 40% 
of patients with chronic stable angina receiving 
standard medical treatment, who were not 
selected for study on the basis of exercise test 
results, had episodes of transient myocardial 
ischaemia during their daily lives, most of 
which were silent,” and it also confirms that 
exercise testing is amore sensitive investigation 
than ambulatory ST segment monitoring for 
the detection of coronary artery disease.’ 1° 16 
We chose to assess the total ischaemic burden 
rather than to highlight the significance of 
silent ischaemia, because silent and painful 
ischaemia have similar characteristics.‘ It is 
clear that the frequency of such transient 
ischaemic changes is relatively low in an 
ambulant population such as this, with only 
370 episodes of ischaemia in total being recor- 
ded during more than 7500 hours of monitor- 
ing during daily activities. 

This study also confirms that the medium 
term prognosis for “‘unselected”’ patients with 
stable angina in the population is very good, 
with a two year all cause mortality of approx- 
imately 3% (cardiac mortality of 1:-7%) and an 
incidence of acute non-fatal myocardial infarc-. 
tion of 3:-5%. These figures accord with large 
prognostic studies in patients with stable 
angina.” * Brunelli et al! recently reported on 
a mean 66 month follow up of 1083 medically 
treated patients with ischaemic heart disease. 
Seventy seven per cent had a positive exercise 
test for ischaemia and 74% had documented 
significant coronary artery disease: 77% were 
receiving routine antianginal treatment. They 
reported an overall annual cardiac mortality 
rate of 1:54%, rising to 4:1% in those with 
three vessel disease and up to 5:7% in those 
with three vessel disease and poor left ven- 
tricular function. In the coronary artery sur- 
gery study (CASS study),” which included 
assessment of survival in medically treated 
patients with class I and II stable angina, total 
annual mortality was 1:6%, rising to 4:0% in 
the subgroup with three vessel disease and poor 
left ventricular function. 


PROGNOSTIC SIGNIFICANCE OF THE TOTAL 
ISCHAEMIC BURDEN IN STABLE ANGINA 
Previous reports 
Recent studies have reported on the prognostic 
significance of transient episodes of silent 
ischaemia in stable angina.’'°'’ Rocco and 
coworkers in a study of 86 patients with 
documented coronary artery disease, stable 
angina, and a positive exercise test for 
ischaemia, reported that those patients with 
additional evidence of transient ischaemia dur- 
ing ambulatory ST segment monitoring had an 
adverse short-term prognosis in terms of the 
development of unstable angina, acute myocar- 
dial infarction, death, or the requirement for 
revascularisation compared with those without 
evidence of transient ischaemia.’ Of the 21 end 
points recorded (15 unstable angina or revas- 
cularisation) during the 12-5 month follow up 
period, 20 occurred in the 49 patients with 
transient ischaemic episodes. 

Deedwania and Carbajal reported a two year 
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follow up study to assess the prognostic sig- 
nificance of silent ischaemia during daily life 
for mortality in patients with stable angina.” 
There were 107 patients with long term stable 
angina in whom symptoms were controlled by 
standard treatment; 46 (43%) of these had 
evidence of transient ischaemia during 
ambulatory monitoring. There were 16 cardiac 
deaths recorded during the 23 month follow up 
(three further non-cardiac deaths); 11 occurred 
in the 46 patients with transient ischaemia 
during daily life. This represents a 24% cardiac 
mortality over the follow up period in those 
with transient ischaemia on ambulatory mon- 
itoring and a 15% cardiac mortality for the total 
group. In the above quoted studies, mean time 
to ischaemia on exercise testing was 2:9 min- 
utes’ and 3-3 minutes” in those patients who 
also had changes during ambulatory monitor- 
ing, thus they represent highly selected groups 
of patients. 

A further study by Aronow and Epstein 
reported that 62 (34%) of 185 elderly patients 
(mean age 82 years) with coronary artery dis- 
ease had silent ischaemia during daily life and 
that 65% of such subjects (40 of 62 patients) 
developed non-fatal or fatal myocardial infarc- 
tion, ventricular fibrillation, or sudden cardiac 
death during just over two years of follow up.” 

The event rates in these studies’ ° seem high 
in a group of stable angina patients apparently 
well controlled by medical treatment, and the 
results may not be representative of patients 
with angina in general. Deedwania and Car- 
bajal point out that the vast majority of their 
patients were unable to complete stage two of 
the Bruce protocol and might represent a group 
at higher risk of silent ischaemia and sub- 
sequent mortality.” Our event rate corre- 
sponds with other reports in populations with 
stable angina, however, it is perhaps surprising 
that 78% of hard end points occurred in 
patients without documented evidence of 
ischaemia during daily life. The apparent lack 
of association between transient myocardial 
ischaemia and non-fatal myocardial infarction 
may be explained in part by the fact that acute 
myocardial infarction can often result from 
acute plaque rupture of what were small or 
medium sized lesions, insufficient to cause 
prior ischaemic changes. These findings do 
emphasise the importance of including un- 
selected patients in prognostic angina studies, 
otherwise the results from highly selected 
populations may be inappropriately 
extrapolated to patients with angina in general. 
While others have shown that silent ischaemia 
and the total ischaemic burden carries prognos- 
tic weight within a subselected group of angina 
patients who have a demonstrated propensity 
to exercise ischaemia, usually at low work- 
loads’ ® we were unable to bear this out in the 
present study, with only two of 63 patients with 
both exercise and ambulatory ischaemia dying 
or having a non-fatal myocardial infarction 
over a two year period compared with five of 59 
patients without evidence of ischaemia having 
non-fatal myocardial infarction. 

Two recent studies have assessed the prog- 
nostic significance of ambulatory ischaemia in 
the stable phase after myocardial infarction’? 
and after coronary artery bypass surgery.” 
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Tzivoni et al studied 224 low risk post-infarc- 
tion patients, performing ambulatory ST seg- 
ment monitoring and exercise testing at a mean 
of two years after infarction. They then fol- 
lowed up these patients for a mean of 28 
months. Thirty three per cent (74 patients) 
had transient ischaemia during ambulatory 


` monitoring (all also had a positive exercise test) 


and 51% of these had a “‘cardiac event” during 
the follow up period compared with 12% of 
those without transient ischaemia (p < 
0-0001). There was no difference, however, 
between groups with and without transient 
ischaemia in terms of the objective end points 
of cardiac death and acute non-fatal myocardial 
infarction, the differences being generated by 
an increased tendency for patients with tran- 
sient ischaemia to become more symptomatic. 
These results imply that those with ischaemia 
on exercise testing and during daily life are 
more likely to develop symptoms requiring 
hospital admission or non-medical interven- 
tion (subjective end points chosen by 
physician), but are not more likely to 


experience a hard end point of coronary artery 


disease. In the present study 60% of patients 
referred for intervention because of symptoms 
had ischaemia on both investigations, thus 
supporting the findings of Tzivoni et al." 
Kennedy et al also performed ambulatory 
ST segment monitoring on 184 patients 12 
months after coronary artery bypass surgery 
and noted that at a mean of four years after 
investigation the presence of transient silent 
ischaemic episodes had not helped to identify a 
group more likely to have cardiac events.” 


POTENTIAL LIMITATIONS OF STUDY 

We did not undertake coronary angiography in 
all patients included in this study and therefore 
have to accept that all patients may not have 
had coronary artery disease. To perform a 
clinically relevant study, however, we included 
patients on an “intention to treat’ basis. In 
support of this, five of the six non-fatal myocar- 
dial infarctions occurred in those without 
objective evidence of reversible ischaemia. 

In an unselected group of patients with 
stable angina, the two year outcome was 
favourable, and over this time the results of 
ambulatory ST segment monitoring seemed to 
contribute little to the identification of patients 
liable to have non-fatal myocardial infarction 
or cardiac death. While assessment of the total 
ischaemic burden may contribute prognostic 
information in subsets of patients with coron- 
ary artery disease, its true prognostic value in 
ambulant populations with stable angina must 
be assessed by performing large medium and 
long term studies of angina patients on an 
intention to treat basis, whether or not there is 
objective evidence of ischaemia. Only then 
would we be able to establish the precise 
importance of assessment of silent ischaemia 
and the total ischaemic burden in the general 
population of angina patients. 
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Limited value of the resting electrocardiogram in 
assessing patients with recent onset chest pain: 
lessons from a chest pain clinic 


M Norell, D Lythall, G Coghlan, A Cheng, S Kushwaha, J Swan, C Usley, A Mitchell 


Abstract 

Objecttve—To evaluate a clinic set up 
specifically to assess patients with recent 
onset chest pain, particularly those 
presenting with a normal resting elec- 
trocardiogram. 

Design—Retrospective review of case 
notes. 

Settiing—Cardiac department of a 
tertiary referral cardiothoracic centre. 

Patients—250 consecutive patients with 
recent onset chest pain seen within 24 
hours of general practitioner referral. 

Outcome measures—Clinical diag- 
nosis and management. 

Results—40% of patients were seen 
within seven days of the onset of 
symptoms. Twenty seven per cent had 
non-cardiac symptoms and could be dis- 
charged while 60% were considered to 
have cardiac pain. Sixty six patients 
(26%) were admitted directly from the 
clinic and 48 of these underwent coronary 
angiography within three weeks. Seventy 
patients (28%) have so far undergone 
intervention (angioplasty or coronary 
artery surgery), 22 within one month of 
presentation. One hundred and nine 
patients (44%) presented with a normal 
resting electrocardiogram, 21 of whom 
were considered to have unstable angina. 
Forty one of these patients were inves- 
tigated of whom 37 were found to have 
significant coronary disease and 26 have 
undergone intervention. 

Conclusions-——This experience high- 
lights the inadequacy of a routine elec- 
trocardiogram reporting service in 
patients with recent onset of chest pain. 
An alternative facility offering immedi- 
ate and complete cardiac assessment 
produced patient benefit with early diag- 
nosis and intervention. Investigation of 
these patients, however, accounted for 
5% of cardiac catheterisation laboratory 
throughput; this was a significant ad- 
ditional and unscheduled workload. 


The value of the resting electrocardiogram in 
patients with suspected acute infarction is 
clear.’ Its role in the management of patients 
with recent onset chest pain which may have a 
cardiac cause, however, is poorly defined. 
Patients with long-standing symptoms may be 
referred to a cardiological outpatient depart- 


ment but those with shorter histories need an 
early diagnosis. Waiting lists for outpatient 
appointments can result in diagnostic delay in 
patients with possible unstable coronary dis- 
ease or unnecessarily prolong anxiety in 
patients with non-cardiac symptoms. Referral 
to an accident and emergency department may 
be viewed as unjustified in patients without 
acute symptoms and junior casualty depart- 
ment staff may not be sufficiently experienced 
to make an adequate assessment.? These 
patients are frequently referred to their local 
hospital for an electrocardiogram, the report of 
which takes no account of the clinical presenta- 
tion. Thus this investigation may be misleading 
or falsely reassuring. 

Alternatively, these patients may be offered a 
complete assessment in a dedicated daily clinic. 
We established such a facility to assess 
specifically patients with possible cardiac pain 
of recent onset and here we report our 
experience of the first 250 patients seen in this 
chest pain clinic. 


Patients and methods 

A chest clinic was established in October 1988 
at Harefield Hospital, a regional cardiothoracic 
centre, which also serves general practitioners 
responsible for a local population of 150 000. 
Newly referred outpatients are usually seen 
within eight weeks and up to 20 such patients 
are seen weekly. A single cardiac catheterisa- 
tion laboratory investigates 2200 patients 
annually and 250 angioplasties and 650 coron- 
ary bypass surgical procedures are performed 
annually. The current wait for diagnostic car- 
diac catheterisation is between four and six 
months. 

A circular was sent to 120 local general 
practitioners to inform them of a daily facility 
offering full assessment of patients presenting 
with chest pain of recent onset. General 
practitioners were encouraged to telephone the 
on-call cardiology registrar to discuss the case 
before sending the patient to the clinic which 
was available between 2 and 4 pm every week 
day. 

All patients were seen on the day of referral 
and assessed by a cardiology registrar or senior 
registrar who recorded the clinical diagnosis 
based on the history, physical examination, and 
resting electrocardiogram. 

Unstable angina was defined as any 
deterioration in the pattern of previously stable 
symptoms, rest pain, or only exertional symp- 
toms if they had been present for less than two 
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Figure 1 Duration of 
symptoms tn the study 


group (“90 +” indicates 


patients who had 


symptoms for more than 


three months) 


Figure 2 Clinical 


diagnosis tn 250 patients. 
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weeks. Significant coronary disease was defined 
angiographically as a 50% or greater reduction 
in luminal diameter of at least one major 
coronary vessel. 

Further investigations—for example, exer- 
cise electrocardiography—or hospital admis- 
sion, were arranged if appropriate and the 
diagnosis, action taken, and outcome were 
recorded and reviewed. 


Results 

After the establishment of the chest pain clinic 
in October 1988, 250 patients (176 men and 74 
women, mean age 58 years (range 25—84 years)) 
were assessed over the next 18 months. All 
patients were seen within 24 hours of referral 
by their general practitioner. 


DURATION OF SYMPTOMS 
The mean duration of symptoms precipitating 
referral was 27 days (range 1—90 days) (fig 1). 
One hundred and eighty seven patients (75%) 
presented within 30 days of the onset of symp- 
toms and 100 (40%) were assessed within seven 
days. 

Thirty eight patients (15%) had had symp- 
toms for more than three months with no 
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discernible recent deterioration (fig 1, column 
90+ days). 


CLINICAL DIAGNOSIS 
Sixty nine patients (27-5%) were considered to 
have non-cardiac pain (fig 2). In a further 29 
patients (11-5%) the cause of chest pain was not 
clear after clinical assessment and further 
investigations were arranged. In 146 cases 
(58-5%) the diagnosis was of angina and in half 
of these the patient’s symptoms were con- 
sidered to represent unstable angina, despite a 
normal resting electrocardiogram in 21 
patients. Six patients (25%) presented with 
myocardial infarction. 

Seventy three patients had exercise testing 
on the day of presentation and in most cases 
this aided the clinical diagnosis. 


PATIENT OUTCOME : 
Sixty three patients considered to have non- 
cardiac pain (25-2%) were discharged from the 
clinic without further follow up. In a further 59 
cases (23:6%) arrangements were made for 
outpatient review with the result of further 
investigations—for example exercise elec- 
trocardiography—or to monitor the effect of 
changes in medical treatment. 

Over half the patients (128 cases, 51-2%) had 
coronary arteriography, with significant coron- 
ary disease being found in 114. Sixty two of 
these were investigated within 30 days of 
presentation and 35 were studied within seven 
days. Sixty six patients (26%) required admis- 
sion directly to the ward for stabilisation on 
medical treatment. Of these 48 underwent 
coronary arteriography within 21 days. 

Thirty one patients (12:-4%) had coronary 
artery bypass surgery and 39 (15-6%) coronary 
angioplasty. These interventions were perfor- 
med within 30 days of presentation in 22 and 
within seven days of presentation in nine. 
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artery surgery; PTCA, percutaneous trans 
coronary angioplasty; OPD, outpatients department. 
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Figure4 (A) Clinical 
diagnosis in 109 patients 
presenting with a normal 
electrocardiogram. (B} 
Outcome in 109 patients 
presenting with a normal 
electrocardiogram. See 
footnote to figure 3 for 


abbreviations. 
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DIAGNOSIS AND OUTCOME IN PATIENTS WITH 
NORMAL ELECTROCARDIOGRAMS 

One hundred and nine (44%) patients presen- 
ted with a normal resting electrocardiogram. In 
almost half of this group (52 cases, 47-7% ) the 
diagnosis was of non-cardiac pain while in a 
further 14 cases (12:8%) the cause of chest pain 
was undetermined (fig 4). 

Outpatient follow up was arranged for 22 
patients (20:2%) and 46 patients (42:2%) were 
discharged without further. review being 
planned. 

However, in 43 cases (39:-5%) the diagnosis 
was of cardiac pain and despite a normal resting 
electrocardiogram half of these patients were 
considered to have unstable angina. Forty one 
patients (37:6%) in this group had coronary 
arteriography, which showed significant 
coronary disease in 37. Coronary angioplasty 
has been undertaken in 17 patients (15-6%) and 
coronary artery surgery in nine cases (8:3%). 


Discussion 

This initial experience of a chest pain clinic 
suggests that patients with symptoms of recent 
onset may benefit from early cardiac assess- 
ment. Though these data are uncontrolled it is 
likely that early investigation and intervention 
in some cases was advantageous. A quarter of 
our patients had undergone cardiac catheterisa- 
tion as a definitive diagnostic procedure within 
one month of presentation. Similarly 10% had 
undergone either coronary angioplasty or 
coronary artery surgery within the same 
period. This is considerably shorter than our 
routine waiting time for cardiac catheterisation 
and intervention. 

The most important finding in this study was 
the outcome of patients with normal electrocar- 
diograms. In our study 20% of these were 
considered to have unstable angina and they 
constituted almost a third of all patients with 
that diagnosis. In the absence of electrocar- 
diographic changes the diagnosis in these cir- 
cumstances must be a clinical one but it is 
supported by the requirement for either coron- 


ary artery surgery or angioplasty in a quarter of 
our patients with normal electrocardiograms. 

This experience highlights the potential dan- 
gers associated with the finding of a normal 
resting electrocardiogram in patients with sus- 
pected unstable angina. In a practice serving 
2500 patients, a general practitioner may see up 
to 100 patients with chest pain per year.’ Our 
results show that in up to one third of these 
patients a normal resting electrocardiogram 
may be seriously misleading and, therefore, the 
value of a routine electrocardiography report- 
ing service must be questionable. Some general 
practitioners have access to their own elec- 
trocardiograph* which may relieve some of the 
load from hospital departments. However, 
even their correct interpretation of the elec- 
trocardiogram would not avoid the reassurance 
of a falsely normal result. For the same reasons 
referral to an accident and emergency depart- 
ment would not confer further advantage.” 

Patients referred for either coronary 
arteriography or angioplasty as a result of 
attending our chest pain clinic accounted for 
almost 5% of the annual throughput of our 
cardiac catheterisation laboratory. In the 
absence of a chest pain clinic it is likely that, 
eventually, these patients would have required 
investigation and treatment, thus constituting 
the same annual load on resources. However, 
accident and emergency department or 
outpatient referral in these cases would 
undoubtedly have led to delay in investigation 
and treatment. Furthermore these procedures 
represent an unplanned workload which has 
important implications in terms of the 
availability of hospital beds and impact on an 
already full cardiac catheterisation list. 

A diagnosis of acute myocardial infarction 
was made in only six cases despite referral of 
patients specifically with suspected cardiac 
symptoms. However, the population assessed 
in our clinic was selected after discussion with 
the general practitioner in each case. Because 
patients were to be seen in an outpatient 
department we believed that in those cases 
where the diagnosis of acute myocardial infarc- 
tion was likely the general practitioner would 
be better advised to send the patient to the 
nearest accident and emergency department. 
There, full resuscitative facilities would be 
immediately available on arrival if required. 

A quarter of the patients seen had non- 
cardiac pain. We did not regard this finding as a 
waste of clinic resources because this provided 
a valuable service to a sizeable number of 
patients who required reassurance. A wait for 
outpatient referral could have engendered 
unnecessary anxiety; early assessment with 
exercise electrocardiography, if appropriate, 
meant that outpatient attendance was then 
unnecessary. 


CLINICAL IMPLICATIONS 

In patients with chest pain of recent onset, a 
normal resting electrocardiogram cannot ex- 
clude unstable angina or, in some cases, acute 
infarction.” The value of a routine electro- 
cardiogram reporting service is therefore 
questionable. 
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A chest pain clinic run by specifically trained 
staff offers rapid assessment of patients with 
suspected cardiac symptoms of recent onset 
and allows early investigation and intervention 
if appropriate. However, such a facility has 
important consequences for hospital resources 
in terms of bed availability and the workload of 
the cardiac catheterisation laboratory. 


Comment 

We all can cite cases where a patient complain- 
ing of chest pain had a normal electrocar- 
diogram in Accident and Emergency and was 
‘discharged with tragic consequences. Norell et 
al found that 43 of 109 patients with recent 
onset of chest pain and a normal electro- 
cardiogram subsequently had an unequivocal 
clinical diagnosis of cardiac pain. In nearly all 


of them (41) this diagnosis was confirmed at 


coronary angiography. Subsequently 26— 
nearly a quarter—of the original group with a 
normal electrocardiogram had coronary angio- 
plasty or coronary artery surgery. This shows 
that we must not rely on a normal electrocar- 
diogram to exclude important coronary disease 
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in patients with recent onset of chest pain. 
Ideally, if resources permit, these patients 
should be assessed later by exercise testing. 
Norell and his colleagues have given us a 
useful measure of the true size of this poten- 
tially dangerous problem. The message is not 
new to cardiologists but now that we see the 
size of the problem we must alert general 
practitioners, general physicians, and junior 
doctors in casualty departments and remind 
them that the electrocardiogram and patient 
should always be examined together. _ 
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“Subclinical” pacemaker syndrome: a randomised 
study of symptom free patients with ventricular 
demand (VVI) pacemakers upgraded to dual 


chamber devices 


Neil Sulke, Athanase Dritsas, Julian Bostock, Alan Wells, Richard Morris, Edgar Sowton 


Abstract 

Objective—To determine whether 
symptom free patients with single 
chamber pacemakers benefit from dual 
chamber pacing. 

Design—A randomised double blind 
crossover comparison of ventricular 
demand (VVI), dual chamber demand 
(DDD, and dual chamber universal 
(DDD) modes after upgrading from a 
VVI device. 

Setting-—Cardiology 


partment. 
Patients—Sixteen patients aged 41-84 


years who were symptom free during 
VVI mode pacing for three or more 
years. 

Intervention—Pacemaker upgrade 
during routine generator change. 

Main outcome measures—Change in 
subjective (general health perception, 
symptoms) and objective (clinical 
assessment, treadmill exercise, and 
radiological and  echocardiographic 
indices) results between pacing modes 
before and after upgrading. 

Results—75% preferred DDD, 68% 
found VVI least acceptable with 12% 
expressing no preference. Perceived 
general well-being and exercise capacity 
(p < 0-01) and treadmill times (p < 0°05) 
were improved in DDD mode but VVI 
and DDI modes were similar. Clinical, 
echocardiographic, radiological, and 
electrophysiological indices confirmed 
the absence of overt pacemaker syn- 
drome, although mitral and tricuspid 
regurgitation was greatest in VVI mode 
(p < 0°01). 

Conclusions—Most patients who were 
satisfied with long term pacing in VVI 
mode benefited from upgrading to DDD 
mode pacing suggesting the existence of 
“subclinical” pacemaker syndrome in up 
to 75% of such patients. The DDI mode 
offesed little subjective or objective 
benefit over VVI mode in this population 
and should be reserved for patients with 
paroxysmal atrial arrhythmias. 

VVI mode pacing should be used only 
for patients with very intermittent 
symptomatic bradycardia or atrial 
fibrillation with a good chronotropic 
response during exercise. 


outpatient de- 


The pacemaker syndrome is a constellation of 
signs and symptoms arising as a direct result 
of ventricular demand pacing (VVI mode).' 
The mechanisms of this syndrome are varied 
and may be the result of haemodynamic, 
neuroendocrine, and _ electrophysiological 
factors.” 

In most cases this syndrome can be cured 
by dual chamber pacing, which relieves 
almost all the symptoms.” However, there are 
several reports of ‘“‘pacemaker syndrome” 
occurring in dual chamber modest’ (usually 
explained by adverse programming of atrio- 
ventricular delay causing, in effect, ventricular 
asynchronous pacing). 

The incidence of the pacemaker syndrome 
in VVI paced patients (still the predominant 
pacing mode used worldwide and in the 
United Kingdom) has been variously des- 
cribed as 7-25% according to the severity of 
intolerance of ventricular asynchronous 
pacing.” No study has yet investigated the 
effect of upgrading VVI devices to dual 
chamber pacing in apparently symptom free 
patients. 


STUDY AIMS 

To assess, by a randomised double blind 
crossover study the effect of dual chamber 
pacing in patients with no overt evidence of 
the pacemaker syndrome after chronic, long- 
term VVI pacing. 


Patients and methods 

PATIENTS 

We studied 16 patients aged 41-84 years (mean 
66-6 years, 69% male). Any patient who was 
largely symptom free and who felt “‘generally 
well” after chronic VVI pacing for at least three 
years could be enrolled. Table 1 shows the 
reasons why patients needed a change of 
pacemaker generator. Patients with chronic 
atrial flutter or fibrillation, or who were unable 
to walk on a treadmill were excluded. One 
patient with a VVIR pacemaker programmed 
to VVI mode for three years was included. 


STUDY DESIGN 

This was a prospective randomised double 
blind crossover comparison of three pacing 
modes (VVI, DDI, and DDD) after a VVI 
pacemaker had been upgraded to a dual 
chamber device in patients expressing no dis- 
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Table! Patient details, pacemaker types, and left ventricular systolic function 
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Indication 





Other Dateof Previous Reason Upgrade Pacing Peak Peak Mean LV 
, Jor associated Pacemaker initial pacemaker for pacemaker base HR in HR in fractional 
Patient Sex Age implant conditions dependent implanti type uper type rate VVI DDD shortening (%)} 
l M 69 SSS + AVIII MI,PAF Y 1980 S 625* EOL Delta 55 55 115 12 
2 M 74 A neoni N 1979 ELA 1250 EOL Cosmoa II 70 165 140 42. 
3 M 5 AVNI DM, TIAs Y 1979 S668 EOL Cosmos II 70 7T B8 B 
4 F 67 Intermittent N 1977 TE 120B EOL Cosmos IT 70 126 120 40 
AVII, AVIII 
5 M 71 AVIII Y 1982 APC 5251 Feul reed Cosmos II 70 70 87 20 
swi 
6 M 41 AVII Dilated Y 1976 S 668 EOL AFP 75 80 145 14 
cardio- 
myopathy 
7 M 72 AVEI 1978 C L900 EOL Cosmos IHI 70 70 10 zB 
8 M T7 AVBOI Y 1977 TE 120B EOL Cosmos II 70 70 130 2i 
9 F 65 AVIII Y 1985 TE 5281 Painful 70 70 140 36 
pacemaker 
site 
10 F 57 SSS + AVII! PHA,PAF Y 1983 VITTX* EOL 70 70 130 B 
ll M 65 S5SS+AVIII PostMVR Y 1982 S 668 Intermittent Synchrony 70 70 809 21 
m tial 
i ition 
12 F 74 SNI + AVI Y 1978 MD 5927 EOL Synchrony 70 70 135 ë 35 
13 F 69 VIH N 1978 C L900 BOL AFP 70 96 110 42 
14 M 52 ~ SNI, AVIII Y 1987 S 688L Faulty Synchrony 70 77 BI 235 
telemetry 
15 M R aa Multiple VEsN 1979 MD 5983 EOL Paragon 70 78 944 30 
16 M 70 SSS + AVII Y 1983 S 678B BOL AFP 70 70 125 32 


*Paced in VVI mode for more than three years before upgrading procedure. 
SSS, sick sinus syndrome (including paroxysmal supraventricular tachycardia); AVI, first degree heart block; AVII, second degree 


Indication for 
heart b 
Other conditions: MI, m 


implantation: 
; AVITI, complete heart block; SNI, sinus node, chronotropic incompetence. 
AR, paroxysmal atrial Poriau; DM, diabetes mellitus; TIA, transient ischaemic attack; PHA, post His bundle 


on; P 


ablation; MVR, mialy valve replacement; VE, ventricular extrasystoles 


dependent: Y , predominantly paced rhythm in VVI mode. N, predominately non-paced rhythm, 
Reason for upgrade: EOL, end of life. 


Pacamaker 


satisfaction with long term, ventricular 
demand pacing. Before enrolment all patients 
underwent a full assessment with their original 
pacemaker programmed to VVI mode. This 
was called “VVI pre” mode. If the subjective 
questionnaire scores suggested symptoms 
attributable to the “pacemaker syndrome” the 
patient was excluded from the study at this 
stage. Postoperatively all patients were 
programmed to the three study modes in a 
random sequence (by random number tables). 
The VVI mode programmed after upgrading 
was called the “VVI post” mode. 

Written, informed consent was obtained 
from each patient before the upgrading 
procedure. Programming was undertaken by 
senior cardiac technicians and full assessment 
was undertaken after four weeks of out of 
hospital activity in each mode. After the 
upgrading neither the patients nor the 
investigating clinicians were aware of the 
programmed pacing mode at any time. 


PACEMAKER UPGRADING PROCEDURE 
The old generator was explanted and the 
ventricular electrode tested under local anaes- 
thesia. If the ventricular pacing threshold was 
2V or less, with an intracardiac R wave 
amplitude of 3 mV or more the electrode was 
retained and adapted to fit an appropriate dual 
chamber device (table 1). If these criteria were 
not fulfilled a new bipolar carbon tipped 
electrode ` (Siemens-Elema model 1010T/60 
(IS1), Siemens-Elema AB, Stockholm, 
Sweden) was inserted via the subclavian vein 
and the old electrode was removed. The atrial 
electrode was inserted via the same subclavian 
vein and sited in the right atrial appendage in 
all patients. 

All but two patients (1 and 3) underwent 


intraoperative electrophysiological assessment. 
This showed normal atrioventricular nodal 
conduction in three patients (patients 2, 4, and 
13) (atrioventricular node Wenckebach cycle 
length greater than 120 beats per minute)’; 
abnormal sinus node recovery time (SNRT) in 
five patients (patients 10, 11, 12, 14 and 16) 
(SNRT greater than 1500 ms, corrected 
SNRT greater than 550 ms)"; and consistent 
retrograde ventriculo-atrial conduction in four 
patients (patients 2, 4, 6 and 13). 


PACEMAKER PROGRAMMING 

Twenty four hours after their pacemaker was 
upgraded all patients were checked to ensure 
satisfactory dual chamber pacing and then 
programmed to the first randomised study 
mode) at a pacing basic rate identical with that 
in VVI pre mode. An atrioventricular delay of 
150 ms was programmed in the DDD and DDI 
modes in all patients. 

A settling in period of two weeks in the first 
mode was allowed after implantation and the 
first four week study period started immediately 
afterwards. After this study period satisfactory 
dual chamber pacing function and pacing 
thresholds were reconfirmed. The pulse 
amplitude in each chamber was then program- 
med to twice the pacing threshold and the 
sensitivity to half the sensing threshold. These 
variables remained unaltered for the rest of the 
study. 


SUBJECTIVE ASSESSMENT 

This consisted of three self administered 
questionnaires. The first used visual analogue 
scales to assess the perceived general well- 
being and exercise capacity. Subjects placed a 
mark on a 15cm line from the discrete 
minimum point signifying “extremely unwell”? 
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or “inability to exercise” to the maximum point 
signifying “extremely well” or “unlimited 
exercise capacity”. The result was expressed as 
a percentage of the distance from the minimum 
point to the mark divided by the length of the 
line.!! 12 ; 

The second questionnaire assessed the 
patient’s perception of their functional capacity 
by the well validated Specific Activities Scale 
functional status questionnaire.” This grades 
patients from class I (unlimited physical 
capacity) to class IV (grossly incapacitated). 

The final questionnaire assessed the 
incidence and frequency of symptoms of mild 
cardiac failure or pacemaker induced 
haemodynamic dysfunction that occurs in the 
pacemaker syndrome.’ The format of the 
questionnaire used a quantitative score where: 
1 = all of the time, 2 = most of the time, 
3 = some of the time, 4 = occasionally, and 

= none of the time. The “symptom 
prevalence score” (maximum 84) was calcu- 
lated by the arbitrary weighting of symptoms 
(table 2). A score of 25 or more was highly 
suggestive of the pacemaker syndrome or 
moderate heart failure. 


CLINICAL ASSESSMENT 

This was undertaken in all cases by the same 
clinician (NS) while he was unaware of the 
patient’s programmed mode. The clinical 
examination was performed after subjective 
and objective assessment was completed, with 
patients lying supine on an examination couch 
with their upper torso at 45°. Table 3 shows the 


Table 2 Symptom prevalence score 


Symptom 


Palpitation 
Fluttering in neck/abdomen 
Dizzi 


SO 00 ~T OK UN a a tO 
g 
Sa 
o 
g 
G 


Score 
0—4 
0-4 
0-8 
0-8 
0-12 
0-12 
04 
0-8 
0-8 
0-8 
0-8 
0-84 


Table3 Clinical indices assessed and the clinical 
assessment score 





Clinical 
assessment 
score 
Variability of systolic blood pressure 0-6 
cannon waves 0-6 
Peripheral oedema 0-6 
Pulmonary oedema 0-6 
Pulsatile liver 0-2 
Variability of heart sounds 0-2 
Variability of heart murmur(s) 0-2 
Characteristics of heart murmur(s) 0—6 
Effect of magnet application to pacemaker 
on characteristics of murmur(s) 0-6 
Extent of V-A conduction during 
magnet application (fixed rate pacing) O-6* 
Competing atrial rhythm during normal 
pacemaker function 0-2* 
Score 0-50 


* Assessed by assisting senior cardiac technician. 

JVP, jugular venous pulse. V-A, ventriculoatrial. 

Clinical examination included evaluation of: pacemaker 
dependency*; concurrent medication; pulse rate, character and 
rhythm; blood pressure; jugular venous pulse wave level and 
character; myopotental inhibition*; arrhythmia type and 
duration. 
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variables assessed and arbitrary clinical assess- 
ment score. (Any assessment requiring elec- 
trocardiographic evaluation was undertaken by 
the senior technician assisting in patient 
monitoring). 


OBJECTIVE ASSESSMENT 
(i) Graded exercise treadmill testing 

Patients were monitored by a continuous six- 
lead electrocardiogram and were assessed by 
the Chronotropic Assessment Exercise 
Protocol (CAEP). Tests were symptom 
limited and the decision to stop the protocol 
was made by the supervising clinician alone. A 
senior cardiac technician monitored the elec- 
trocardiogram during all tests. Total exercise 
time and resting and peak heart rates were 
obtained for each patient. 

(ii) Staircase ascent 

Patients had their heart rates measured by 
telemetry using a Hewlett Packard 78571B 
ECG recorder while they climbed as many 
stairs as they could to a maximum of five flights 
(each comprising fifteen steps, 15 cm tall, pitch 
27 cm), as fast as possible. Heart rate was 
assessed at rest before the ascent and every 15 
seconds for two minutes. The number of stairs 
ascended and the percentage change in heart 
rate were calculated. 


RADIOLOGICAL ASSESSMENT 

Chest radiographs were obtained 24 hours 
before the upgrading procedure, 24 hours 
postoperatively with the patient programmed 
to VVI mode, and finally after a four week study 
period programmed to a dual chamber mode 
(either DDI or DDD) chosen randomly by the 
assisting senior technician. These were desig- 
nated as “VVI pre”, “VVI post’, and “Dual” 
radiographs respectively. 

After completion of the study radiographs 
were independently analysed by two clinicians 
who were unaware of the patient’s name, the 
pacing mode, or dates of the radiographs. The 
cardiothoracic ratio was calculated as the 
widest dimension of the cardiac shadow (in 
centimetres) divided by the widest internal 
dimension of the thoracic cage (in cm) and 
expressed as a percentage. An arbitrary 
“pulmonary oedema severity score” was 
devised where: 0 = absent, 1 = mild, 
2 = moderate, 3 = severe. 


ECHOCARDIOGRAPHIC ASSESSMENT 

A Hewlett-Packard 77020A system with 
a 2:5 MHz duplex probe and a 1:9 MHz 
continuous wave transducer was used. Serial 
studies on individual subjects were carried out 
by the same operator to avoid inter-observer 
variability. 

M-mode recordings were taken at conven- 
tional levels with dimensions estimated from 
leading edge to leading edge.” To ensure 
that the operator remained “blinded” to the 
pacing ‘mode simultaneous electrocardio- 
graphic recording was not used. This meant 
that the left ventricular diastolic diameter was 
taken as the greatest dimension in diastole and 
the systolic diameter as the smallest dimension 
in systole. 


Stroke volume was calculated as the product 
of the systolic velocity integral and cross sec- 
tional area for flow by a combined cross 
sectional Doppler technique. Subaortic cross- 
sectional area was measured from inner to inner 
echo at the level of the annulus in a parasternal 
long axis frame frozen early in systole.’ The 
systolic velocity integral was calculated from 
the aortic envelope recorded from the apical 
position. This was averaged over five beats by 
triangulation (stroke volume index (SVI) = 
1/2 x ejection time x Vae) This has been 
shown to be equivalent to planimetry.!” 1° 

Pulmonary artery systolic pressure was 
estimated where possible from the peak 
velocity of the tricuspid regurgitant jet 
recorded by continuous wave Doppler. Pres- 
sure (p) was calculated by the formula of Berger 
et al? where p = 6/5 x 4(V,,,,)*. Signals lack- 
ing a clearly defined envelope were discarded. 

The colour flow Doppler system was set to 
the same enhanced threshold map for every 
study with maximum packet size, minimum 
reject, and spatial filtering. ‘The gain was set to 
the level just below that at which colour 
flooding occurred. Mitral and tricuspid 
regurgitant jets were measured by planimetry 
in the view that gave the largest jet area, and the 
results were expressed as a percentage of the 
total right or left atrial area.” ” 


STATISTICAL ANALYSIS 

All results are reported as mean (SD). Non- 
parametric data arising from subjective ques- 
tionnaires, visual analogue scales, and the 
clinical assessment score were compared by the 
Wilcoxon signed rank test while parametric 
data arising from objective tests were compared 
by Student’s paired ¢ test. Student’s unpaired t 
tests were used for inter-patient subgroup 
comparisons. if more than two comparisons 
were undertaken of a given variable the 
Bonferroni correction was used. A p value of 
less than 0-05 was regarded as significant. 


Results 

SUBJECTIVE ASSESSMENT 

Figure 1 shows the patients’ perception of 
“general well-being” and exercise capacity. 
General well-being was significantly better in 
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Figure 2. Symptom prevalence score and clinical 
assessment score in the four study pacing modes. 


DDD mode than in either VVI pre mode or 
VVI post mode, (p < 0-01). Perceived exercise 
capacity was similar in VVI pre, VVI post, and 
DDI modes but was significantly greater in 
DDD mode (p < 0-01). 

There was no significant difference in 
perceived functional status in any mode 
throughout the study. However, specific symp- 
tom scores were significantly lower (that is, 
fewer symptoms) in DDD mode than in the 
remaining study modes (p < 0-05, fig 2). 

Figure 3 shows the overall preferred and 
least acceptable modes which were selected 
after the end of the study. There was good 
correlation with the preferences indicated in 
the subjective questionnaires. VVI was not 
selected as an outright preferred mode by any 
patient. Sixty nine per cent selected DDD, one 
patient selected DDD or VVI pre (6%), 12% 
DDI (one of the two patients had paroxysmal 
supraventricular arrhythmias), and 12% had 
no preference. No patient selected DDD as 
their least acceptable mode. However, two 
patients (12%) found the DDI mode least 
acceptable. Both these patients had been 
randomised initially to the VVI post mode and 
then to DDD before being programmed to the 
DDI mode. The VVI pre mode was the least 
acceptable to three patients (18%) while the 
VVI post mode was least acceptable to 50% of 
patients. The two patients who had no 
preference for any mode were not pacemaker 
dependent. 

Three patients demanded early crossover to 
the next programmed mode during the study. 
One patient initially randomised to DDD mode 
after the pacemaker was upgraded could not 
tolerate either DDI or VVI modes thereafter. 
The remaining two patients had been 
randomised to DDD mode before VVI mode - 
and found the latter intolerable. (One of these 
patients did not request early reprogramming 
from the DDI mode which followed VVI 
mode). 


CLINICAL EXAMINATION 

The clinical assessment score was significantly 
greater (that is, there were more signs of 
pacemaker syndrome) in both VVI modes than 
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Figure 3 Preferred and least acceptable pacing modes defined by patients after 
completion of the study. 


Figure4 Objective study 
indices: exercise time while 
undertaking the CAEP 
exercise treadmill test and 
during statrcase ascent 
(see text for detatls). 
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inthe DDD mode(p < 0-05), but did not differ 
from that in the DDI mode (fig 2). Mean arterial 
blood pressure measured at rest during clinical 
assessment did not significantly differ in any 
mode (VVI pre 103-6 (4-0) mm Hg, VVI post 
103-2 (3:0) mm Hg; DDI 107-9 (3-4) mm Hg; 
DDD 107-3 (3-0) mm Hg). 


OBJECTIVE ASSESSMENT 
(i) Graded exercise treadmill tests (fig 4) 
Exercise times were longer in dual modes, but 


General well-being (poor LV) 
General well-being (good LV) 
Exercise tolerance (poor LV) 
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there were no significant differences between 
any modes except VVI pre mode and DDD (7-4 
(1:0) min and 10-9 (1:0) min respectively, 
p < 0-05) during the CAEP protocol. 

Gi) Staircase ascent (fig 4) 

The mean number of stairs ascended was 
greater in dual modes than in the VVI pre or 
VVI post modes, but this difference did not 
reach Statistical significance (3-7 (0-4) flights, in 
VVI pre mode; 3-9 (0-4) flights in VVI post; 4-3 
(0-4) flights in DDI mode, and 4-6 (0-2) flights in 
DDD mode). The percentage change in heart 
rate during both of the above protocols was 
significantly greater in DDD than in the 
remaining modes, which did not significantly 
differ (CAEP treadmill test expressed as a 
percentage change in heart rate from rest to 
peak exercise in VVI pre 10-7 (6-7), VVI post 
16-6 (9-5); DDI 14-9 (6-0) (p = NS), DDD 
mode 59-6 (7-8) (p = 0-001); staircase ascent 
expressed as percentage change in heart rate 
from rest to peak rate in VVI pre 12 (6-3), VVI 
post 10-9 (5:7); DDI 14-6 (6-8) (p = NS), 
DDD 46-5 (7:7) (p < 0-001). 

Patient data were divided into two subgroups 
according to left ventricular systolic function 
assessed by echocardiography. (“Good LV” 
indicated fractional shortening greater than 
25% and “poor LV” fractional shortening 
25% or less (table 1)). 

Left ventricular function had no influence on 
the significant effects shown in the different 
modes on any variables discussed above (fig 5) 
except for exercise treadmill testing when the 
previously detected significant increase in 
exercise tolerance in DDD mode is no longer 
evident in either the “‘good” or “‘poor”’ left 
ventricle groups (p = 0-09 and p = 0-065 res- 
pectively with Bonferroni correction). 


RADIOLOGICAL ASSESSMENT 

There was no significant difference in the 
cardiothoracic ratio at any stage of the study; 
(VVI pre, 49-5 (1:1)%3 VVI post, 51:2 (1:3)%; 
dual, 50:75 (1-4)% (p = NS)). The incidence 
of pulmonary oedema was similar in all stages 
of the study (18% in VVI pre and 24% in both 
VVI post and dual. The arbitrary pulmonary 
oedema severity scores in these patients were 
1-7 (0-6), 1-5 (0-6), and 1-0 (0-3), respectively 

NS). 


ECHOCARDIOGRAPHIC ASSESSMENT 

Cardiac dimensions did not differ in any mode 
during the study. Left ventricular fractional 
shortening was similar in all modes (VVI pre, 
27-9 (2:8)%; VVI post, 27-1 (2-4)%; DDI, 26-7 
(2°8)%; and DDD, 25-5 (2:5)% (p = NS). 
Pulmonary arterial pressure was evaluable in 
all modes in only eight patients (50%). In this 
cohort there was no significant difference in 
pulmonary artery pressure in any mode. 

The incidence of mitral and tricuspid 
regurgitation was less in the DDD mode but 
this did not reach statistical significance (Mitral 
regurgitation: VVI pre, 50%; VVI post, 63%; 
DDI, 63%; and DDD, 30%. Tricuspid 
regurgitation: VVI pre, 63%; VVI post, 63%; 


‘DDI, 63% and DDD, 50%). However, the 


extent of the regurgitant jets assessed by colour 
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Figure 6 Extent of 
mitral icuspi 


echocardiography in the 
study pacing modes. 


Figure 7 Cardiac output 
in each study pacing mode 
categorised according to 
patients left ventricular 
systolic function. 
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flow Doppler was significantly less in the DDD 
mode than in the remaining modes (fig 6). 

Cardiac output was least in the single 
chamber modes and greatest in the DDD mode 
but these values were not statistically significant 
(cardiac output in VVI pre, 3-6 (0-3) 1/min, 
in VVI post, 3-6 (0-4) l/min, in DDI 3-8 (0-4) 
min; in DDD mode 4:5 (0:3) l/min 
(p = 0-065). 

Echocardiographic data reanalysed with 
patients sub-divided according to left 
ventricular function showed no differences 
from combined data with the sole exception of 
cardiac output. In the subgroup with poor left 
ventricular function cardiac output was sig- 
nificantly greater in DDD mode (4:3 (0-4) l/min 
than in the remaining modes (VVI pre, 3-1 (0-4) 
l/min, VVI post 3-2 (0-4) 1/min, DDI 3-3 (0-3) 
l/min (p = 0-03)). This was not evident in the 
subgroup with good left ventricular function 
(cardiac output in DDD mode, 4-7 (0-3) 1/min; 
VVI pre, 3-9 (0-25) l/min; VVI post, 4-0 (0-3) 1/ 
min; DDI, 4-3 (0-4) l/min (p = NS), fig 7). 


Discussion 

The advantages of physiological, atrio- 
ventricular sequential pacing are now widely 
accepted with several studies showing 
improvement in objective and subjective 
indices in dual modes compared with VVI 
mode.‘” In addition, patient characteristics 
do not allow identification of those at risk from 


Sulke, Dritsas, Bostock, Weils, Morris, Sowton 


the pacemaker syndrome before pacemaker 
implantation. It occurs at any age, in both 
sexes, as Often in patients with morphologically 
normal hearts as in those with cardiac disease, 
with or without ventriculoatrial retrograde 
conduction, and it may occur at any time 
during ventricular demand pacing.’??** 
Moreover VVI pacing, especially for sinus 
node disease, may adversely affect long-term 
prognosis.’*” Nevertheless VVI pacemakers 
are the most commonly used devices for all 
indications for permanent pacing worldwide.” 


MODE PREFERENCE 

This study provides evidence that when 
patients without the overt symptoms of the 
pacemaker syndrome (most VVI paced 
patients) are upgraded to dual chamber 
synchronous (DDD) pacing they show a 
considerable improvement in subjective and 
objective indices. 

Mitsuoka et al found similar subjective 
benefit in patients paced with dual chamber 
devices for sick sinus syndrome, but many of 
these patients had retrograde ventriculoatrial 
conduction and overt signs of the pacemaker 
syndrome when paced in the VVI mode.” 

These findings may result from the effects of 
the rate response offered by DDD mode but 
lacking in the remaining study modes except in 
the mon-pacemaker dependent patients. 
However, subjective indices were worse in the 
VVIR mode than in the DDDR mode in 
patients with chronotropic incompetence—so 
that it seems that atrioventricular synchrony is 
a major factor resulting in improved patient 
acceptability.” 

In the present study, the choice of least 
acceptable mode was highly dependent upon 
the programming sequence. Hence if VVI post 
was the first postoperative mode programmed, 
subjective scores were better than if the VVI 
post mode followed the DDD mode. The same 
was true for DDI and could explain why it was 
selected as the least acceptable mode by two 
patients and caused a request for early 


. reprogramming in one case. (In both patients 


the VVI post mode was programmed before the 
DDD mode and the DDI mode was program- 
med after the DDD mode. Mode sequence had 
little effect on objective study indices, however. 
The DDI mode was little different from the 
VVI mode in most patients. This may be due to 
the lack of rate response in either mode 
although increased rate responsive pacing is 
required for less than 15% of the day during 
out of hospital activity.” Because most of the 
day is spent at low heart rates, when dual 
chamber synchronous pacing occurs in DDI 
mode (with the ‘‘atrial kick” exerting its most 
beneficial effects”) in theory this mode should be 
haemodynamically better than the VVI mode 
and hence more acceptable to the patient. The 
most prevalent symptom in the DDI mode was 
“palpitations” (rather than “tiredness” in the 
VVI mode) and this may have been caused by 
loss of atrial synchrony on mild exertion as the 
atrial rate increased and the pacemaker, in 
effect, defaulted to VVI pacing. This persistent 
“mode switching”? may be the feature that is - 
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least acceptable to most patients, and thus the 
DDI mode should be used only in selected 
patients with paroxysmal arrhythmias.” 

There was a small, non-significant increase in 
perceived exercise capacity and a decrease in 
symptom prevalence in the VVI post mode 
compared with the VVI pre mode. This is 
likely to be a placebo response resulting from 
the implantation of a more sophisticated 
device. 


OBJECTIVE STUDY INDICES 

Nishimura and colleagues showed considerable 
falls in mean arterial blood pressure in patients 
with pacemaker syndrome that resolved with 
dual chamber pacing.’ We did not show any 
significant differences in any mode, probably 
because none of our patients had overt 
pacemaker syndrome. 

Treadmill tests, but not staircase ascent, 
showed a significant increase in exercise 
tolerance in DDD mode compared with the 
VVI pre mode as has previously been shown.*” 
However, the staircase ascent did not exercise 
all patients to their maximum tolerance and 
thus differences were less well demarcated 
during this “everyday activity” stress protocol. 

Exercise tolerance was greater in the VVI 
post mode than in the VVI pre mode (although 
not significantly so), partly because of a placebo 
response (most subjects might have expected 
some improvement in exercise capability after 
the upgrading). There might also be a training 
effect between these modes, despite familiarisa- 
tion with the treadmill before study induction 
and the randomisation of postoperative pacing 
modes, as all patients necessarily performed at 
least one more treadmill protocol in the VVI 
post mode than in the VVI pre mode. 

Reanalysis of data according to echo- 
cardiographically derived left ventricular frac- 
tional shortening and not the ejection fraction 
was based on the findings of Gomes et al who 
showed that the asymmetry of ventricular 
depolarisation induced by right ventricular 
apical pacing causes significant errors in the 
estimation of ejection fraction.” 

Stewart et al using similar techniques 
showed that the increase in cardiac output 
between VVI and DDD modes was greatest in 
patients with the most overt symptoms of the 
pacemaker syndrome when paced in VVI 
mode.™ Interestingly, although there was an 
increased cardiac output detected in the DDD 
mode compared with the remaining modes this 
did not reach statistical significance in our study 
population. Thus it seems that patients who 
tolerate VVI pacing well have a less consider- 
able haemodynamic benefit from dual chamber 
pacing at rest despite clear subjective 
improvement during everyday activity. 

In the subgroup with poor left ventricular 
function, however, there was a significant 
increase in cardiac output at rest confirming the 
findings of Pearson et al.” Although these 
patients showed more haemodynamic benefit in 
terms of cardiac output, subjective scores were 
similarly favourable to DDD mode in both the 
subgroups. This suggests that the improved 
symptoms and general health perception is 
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largely independent of left ventricular systolic 
function. Similar findings with rate responsive 
pacing modes confirm that improved cardiac 
output is not the sole factor in patient 
preference for atrioventricular sequential 
pacing.” 

Both echocardiography and chest radiology 
confirmed that the cardiac dimensions did not 
vary during long-term pacing in any study 
mode. This is contrary to findings in patients 
with overt pacemaker syndrome, where heart 
failure on chest radiography (and clinically) 
was more often seen in the VVI than in the 
DDD mode.'* 

Although the incidence of both mitral and 
tricuspid regurgitation was similar in all 
modes, the extent of both mitral and tricuspid 
regurgitation was significantly less in DDD 
mode and was independent of left ventricular 
function. Valve incompetence has been 
proposed as a cause of the pacemaker syn- 
drome,” and the extent of valve regurgitation, 
but not the incidence, may be a factor in the 
genesis of “subclinical” pacemaker syndrome. 

Only four of 14 patients assessed in the 
present study had consistent retrograde 
ventriculoatrial conduction and the small size 
of this subgroup precludes meaningful statis- 
tical analysis. Rediker et al have recently 
identified patients with an increase in systolic 
blood pressure from VVI to DDD pacing and 
with ventriculoatrial conduction who benefited 
most from dual chamber pacing.” These find- 
ings suggest that our study population was free 
from the pacemaker syndrome and unlikely to 
benefit from DDD pacing. Despite this, most 
patients preferred the DDD mode and found 
the VVI mode least acceptable after completion 
of the study. Retrospective analysis of data to 
predict maximum benefit from dual chamber 
pacing in symptom free VVI paced patients was 
inappropriate because of disparate sample 
sizes. Larger patient numbers might allow such 
analysis. 


CLINICAL IMPLICATIONS 

Few studies have compared VVI and DDD 
with DDI mode pacing. Although patient 
numbers in this study were small, with each 
acting as their own control, the results suggest 
that DDI mode is subjectively and objectively 
similar to the VVI mode and not as good as the 
DDD mode. The DDI mode should therefore 
be used only in patients who cannot 
tolerate DDD pacing (because of frequent 
paroxysmal atrial arrhythmias), 

Our data suggest that “subclinical” 
pacemaker syndrome occurs in nearly three 
quarters of symptom free VVI paced patients. 
Combined with the incidence of overt 
pacemaker syndrome in up to 20% of patients 
with VVI devices,! 80% of all VVI paced 
patients without atrial fibrillation would benefit 
from DDD pacing, and this effect persists even 
after long-term VVI mode pacing. 

Comparable findings were seen in the VVIR 
mode when it was compared with dual chamber 
rate responsive modes,” which suggests that a 
similar “subclinical”? pacemaker syndrome 
may exist with this pacing mode, (It is well 


known that VVIR mode can cause severe 
pacemaker syndrome.”) 

Hence, VVI pacing should be used only in 
patients with chronic or persistent atrial 
fibrillation with good chronotropic response 
to exercise, or with transient bradycardic 
arrhythmias. This investigation confirms the 
adage: If there is a P wave available, sense it and 
synchronously pace the ventricle if necessary. 


We thank Miss Lynne Chappell for typing the paper. 
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Pacemaker electrode implantation in patients with 
persistent left superior vena cava 


Franciszek Zerbe, Jacek Bornakowski, Wojciech Sarnowski 


Abstract 

Four out of 661 consecutive patients with 
permanent endocardial VVI pacing had 
the pacing lead introduced through a 
persistent left superior vena cava. It was 
difficult to introduce the lead from the 
right atrium into the right ventricle 
because the tip of the lead tended to be 
deflected away from the tricuspid orifice. 
This difficulty was overcome by shaping 
the lead into a pigtail with 3-4 cm wide 
loop. This avoided the risk of entering a 
branch of the coronary sinus in order to 
reach the right atrium. 

This technique made it easier to posi- 
tion the lead in the right ventricular 
apex. There were no complications in 
these four patients during a mean follow 
up of three years. 


Placement of pacemaker electrodes can be 
complicated by congenital anomalies of the 
systemic superior veins, including a persistent 
left superior vena cava with normal right 
superior vena cava (a double system), a single 
left superior vena cava, and absence of drain- 
age by a superior vena cava. ' 

A persistent left superior vena cava arises 
from the confluence of the left jugular and 





Course of the pacemaker lead introduced through persistent left superior vena cava in 
patient 4. 


subclavian veins and passes down to enter the 
right atrium through the coronary sinus. Such 
an arrangement is seldom recognised on the 
plain chest x ray but because of the unusual 
course of a lead (figure) it becomes obvious on 
the screen when a pacemaker lead is being 
introduced. Once the right atrium is reached 
through the coronary sinus further placement 
of a lead in the right ventricle can be difficult 
because the up of the lead is deflected away 
from the tricuspid orifice. 


Patients and methods 

Among 661 patients who had permanent 
unipolar pacemaker (VVI) leads inserted from 
a branch of the left subclavian vein between 
January 1982 and July 1990 there were four 
patients in whom the pacemaker lead was 
introduced through the persistent left 
superior vena cava (table). In all four the 
unusual left-sided downward course taken by 
the electrode lead during the procedure 
alerted us to the presence of a persistent left 
superior vena cava. We found that if we 
reshaped the end of the stylet into the pigtail 
configuration we were able to place the lead in 
the right ventricle without difficulty. 

In three of the four patients we also had to 
change to a curved stylet before the tip of the 
lead could be positioned in the right ven- 
tricular apex. During a mean follow up of 35-2 
months there were no complications. 


Discussion 
During fetal life the superior cava 
develops from the right anterior and common 
cardinal veins. The left anterior cardinal vein 
becomes the proximal parts of the left internal 
jugular and subclavian veins draining through 
the anastomotic channel (left brachiocephalic 
vein) into the superior vena cava. The left 
common cardinal vein and distal left sinus 
horn become the left superior vena 
(draining to the coronary sinus) which nor- 
mally regresses, its site being marked by the 
oblique ligament and vein of Marshall. If this 
process is interrupted a double caval system 
develops. Other much rarer anomalies that 
can affect pacemaker lead insertion include 
single left persistent vena cava or even the 
complete lack of superior caval drainage. 
Such anomalies are seldom found without 
other congenital defects. For instance, the 
estimated incidence of a double superior caval 
system in the general population is 0°1%- 
05%." 

Anomalies of the superior caval system can 


vena 


cava 
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Details of patients with pacemaker leads implanted through a persistent left superior 





Venda cava 
; Age at Follow up 
Patient implantation, sex Indication for pacing (mnth)* Outcome 
1 63, F 2° AV block 22 Lost to follow up 
2 73, M 3° AV block 49 Alive 
3 76, F 2° AV block 16 Died, cause unknown 
4 55,F SSS (sinus bradycardia) 54 Alive 


*Mean 35:2 


months. 
AV, atrioventricular; SSS, sick sinus syndrome. 


be diagnosed by conventional angiography, by 
cross sectional echocardiography combined 
with peripheral venous injection of contrast 
medium,’ by intravenous digital subtraction 
angiography, by radionuclide angiography,’ 
and by magnetic resonance imaging.’ 

Attempts to define the anatomy of the 
superior caval system before pacemaker 
implantation are not routine because 
anomalies are rare and because the most com- 
monly encountered anomaly, a persistent left 
superior vena cava, does not preclude success- 
ful lead placement. 

Many isolated cases have been reported and 
Trigano reviewed 39 cases.’ Hxperience 
indicates that it is possible to introduce a 
pacemaker lead into. the right ventricle for 
effective pacing in one chamber pacing" and 
dual chamber pacing!’ and into the right 
atrium for atrial pacing." 

When the pacemaker lead enters the right 
atrium through the persistent left superior 
vena cava and the coronary sinus it often 
forms a loop in the right atrium and then 
enters the right ventricle. Rarely a lead may 
reach the right ventricle without forming a 
loop or enter a branch of the coronary sinus; 
these two courses are sometimes difficult to 
distinguish in the anterior-posterior view.’ 
Fortunately, ventricular pacing (usually from 
a branch of the coronary sinus) and atrial 
pacing (from the distal coronary sinus)” $ 
seem to be safe long term procedures. 
Appropriate curving of a stylet, for instance 
into a pigtail loop 3-4 cm wide but without 
complete “closing” of a loop, as in our cases, 
facilitated insertion of a lead to the right 
ventricle by directing the lead into the tri- 
cuspid orifice. 

It is important to know the technique of 
implanting a pacing lead through the persis- 
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tent left superior vena cava because in patients 
with a single left superior vena cava the only 
alternative is the transthoracic approach with 
all its inherent risks. The transthoracic 
approach seems to be mandatory only in those 
very rare cases of a single persistent left 
superior vena cava draining to the left 
atrium.'? Such a case has not been so far 
described in connection with pacemaker lead 
implantation. There is no need to use active 
fixation leads with screw-in or pinch-in tips. 
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Catheter ablation by low energy DC shocks for 
successful management of atrial flutter 


Sean O’Ninain, Nicholas J Linker, James F Sneddon, Nadia M G Debbas, 


A John Camm, David E Ward 


Abstract 

Objective—To assess the effects of low 
energy ablation of the substrate for 
atrial flutter. 

Design—Initial retrospective analysis 
of patients undergoing low energy abla- 
tion of the atrioventricular node for 
refractory atrial flutter (group 1) was 
followed by a prospective assessment of 
low energy ablation in the posterio- 
inferior right atrium for the same condi- 
tion (group 2). 

Setting—Tertiary referral centre for 
management of cardiac arrhythmias. 

Patients—Seven men (aged 50-67 
years) with refractory atrial flutter. 

Interventions—Multiple (3-10) low 
energy DC shocks with a cumulative 
energy of 100-245 J in the region of the 
atrioventricular node in group 1 and 12- 
15 low energy DC shocks (cumulative 
energy 110-235J) guided by the 
anatomical landmarks of the triangle of 
Koch and applied directly-to the atrial 
wall. l 

Main outcome measure—Freedom 
from recurrence of atrial flutter. 

Results—In group 1 despite initial 
complete atrioventricular block in three 
patients, atrioventricular conduction 
had resumed in all by one month. All 
four, however, were in sinus rhythm at 
follow up six to 13 months later. Two of 
the three patients in group 2 were free of 
atrial flutter at follow up three to four 
months after ablation. 

Conclusion—Ablation of the atrial flut- 
ter substrate with low energy DC shocks 
is feasible. Precise electrophysiological 
mapping is not necessary. 


Atrial flutter is a common arrhythmia for 
which no entirely satisfactory treatment is 
available. Though DC cardioversion is often 
successful in restoring sinus rhythm in the 
short term, relapses are common. Despite the 
growing number of pharmacological agents 
available for arrhythmia prophylaxis many 
patients are either intolerant of drug treat- 
ment or achieve inadequate relief from their 
symptoms. In this group atrioventricular 
node/His bundle ablation has been the treat- 
ment of choice. This is not an ideal solution, 
however, because it requires the insertion of a 
permanent pacemaker, the atrial arrhythmia is 
not abolished, and the procedure itself has a 


small but significant morbidity and mor- 
tality.:? 

A more attractive approach to the long term 
management of atrial flutter has been to tackle 
the arrhythmia substrate directly.” This has 
been made possible by the improved under- 
standing of the mechanisms of flutter gained 
from animal models of the arrhythmia and 
from human intracardiac electrophysiology 
studies.°* It seems from such studies that the 
typical form of atrial flutter is due to a macro- 
reentry circuit within the right atrium with an 
area of slow conduction posterio-inferiorly in 
the triangle of Koch, between the os of the 
coronary sinus and the atrioventricular valve 
ring. Cryoablation of this area, guided by 
intraoperative epicardial mapping, has been 
successfully used to prevent recurrence of the 
arrhythmia.” More recently high energy 
endocardial DC ablation has been performed 
guided by endocardial mapping techniques. 
We have used low energy DC shocks for 
endocardial ablation because high energy dis- 
charges have been shown to cause significant 
barotrauma to cardiac structures remote from 
the intended site of injury. We achieved long 
term remission of atrial flutter in four patients 
with chronic atrial flutter in whom the aim of 
the procedure had been to achieve atrioven- 
tricular block. This serendipitous abolition of 
atrial flutter suggested to us that precise map- 
ping of the area of slow conduction was not 
necessary for successful ablation of the atrial 
flutter circuit. We therefore prospectively used 
multiple low energy shocks guided by the 
anatomical landmarks of the triangle of Koch 
in an attempt to abolish the arrhythmia sub- 
strate. 


Patients and methods 

PATIENTS 

We studied seven men (age 50—67 years) with 
either chronic or paroxysmal atrial flutter that 
was refractory to medical treatment (table 1). 
All had severe symptoms from their ar- 
rhythmia; during exercise three patients had 
experienced pre-syncope caused by 1:1 con- 
duction of the arrhythmia to the ventricle. 
The cause of the flutter was known in three 
patients (ischaemic heart disease, alcoholic 
cardiomyopathy, and dilated cardiomyo- 
pathy). In the remainder, though the aetiology 
of the arrhythmia was unknown, three had 
evidence of impaired left ventricular function 
caused by primary myocardial disease or per- 
haps a response to chronically rapid ven- 
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Table 1 Patient details 
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Case Duration LY EDD]ESD LA size 
No Age/sex Type length (ms) (mnih) Medications Aetiology cm) (cm) 
Group 1 
1 50/M Chronic (type I) 1:1 220 17 Di DCM 6-5/5-9 4-8 
2 64/M Chronic (type I) 250 21 A, D, Di; F, P, S, V Lone 6-0/4-5 40 
3 67/M Chronic (type 1) 210 36 À, At, D IHD 6:1/4-8 44 
4 39/M Chronic (type 1) 1:1 240 39 A, Di, P, P,S Lone 5-5/4-2 4:8 
Group 2 ' 
5 62/M Chronic (type I) 280 11 A, At, Di Alcoholic 5-2/4-2 3-8 
6 58/M. Paroxysmal (type I) 225 7 D, F, P, S Lone 5-3/3-4 42 
7 58/M. Paroxysmal 250 8 A, At, D, F, V Lone 6°1/4-8 4°6 





A, amiodarone; AT, atenolol; D, 


dimension; EF, left ventricular ejection 


Table 2 Ablation details 


ction; ESD, end systolic dimension; IHD, 


tricular rates. Two patients had associated 
atrioventricular conduction disease. Alcohol 
ablation of the atrioventricular node by a 
transcoronary approach had previously been 
considered in two patients but had been aban- 
doned because of difficulty in cannulating the 
atrioventricular nodal artery. One further 
patient had previously undergone unsuccess- 
ful high energy ablation of the atrioventricular 
node which had been complicated by a period 
of hypotension. 

In the group 1 patients the primary aim of 
the procedure was to ablate the atrioventric- 
ular node and His bundle. Group 1 patients 
were drawn from a total of six patients with 
atrial flutter/fibrillation in whom we had used a 
modified low energy power source to attempt 
abolition of atrioventricular conduction. 
Group 2 patients were those in whom selec- 
tive ablation of atrial tissue in the triangle of 
Koch was planned. 


METHODS 

All ablation procedures were performed under 
general anaesthesia. A 6F bipolar pacing elec- 
trode was introduced via the subclavian vein 
and then positioned in the right ventricular 


apex. The 7F bipolar electrode that was to be 


used for delivery of the ablative shock was 
then introduced via the right femoral vein and 
placed across the tricuspid valve to record the 
His bundle potential. All recordings were dis- 
played on a Siemens Elema Mingograf 82 jet 
recorder at a paper speed of 100 mm/s. In 
those patients undergoing His bundle ablation 
(group 1) the ablating catheter was gradually 
withdrawn until a large low right atrial signal 
was obtained while a His potential deflection 


ischaemic heart disease. 
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was just maintained. A low energy shock 
(<25 J) was then delivered with a specially 
modified energy source (Cardiac Recorders 
CR60) the characteristics of which have been 
previously described.” If atrioventricular 
conduction resumed after the initial shock 
then further shocks were given until stable 
complete heart block was achieved (table 2). 
Temporary ventricular pacing was started and 
continued until a permanent pacing system 
was implanted. 

In group 2 patients a quadripolar electrode 
was introduced via the subclavian vein and 
placed in the coronary sinus. This allowed 
accurate visualisation of the course of the 
vessel. In these patients the ablation catheter 
was again positioned to record a His potential. 
This localised the position of the His bundle 
and defined the apex of the triangle of Koch 
(fig 1). Then we withdrew this catheter using 
clockwise torque to rotate the tip posteriorly 
towards the os of the coronary sinus. Catheter 
manipulation was performed under single 
plane fluoroscopy in the anteroposterior 
projection to verify each position in a right 
anterior projection, which gave optimal 
visualisation of the low posterior right atrium. 
An initial shock of 5 J was delivered near the 
apex of Koch’s triangle at a site where the His 
bundle deflection was no longer visible (fig 2). 
If atrioventricular conduction was not com- 
promised by this, a further shock of 10 J was 
delivered at the same site. Multiple further 
shocks were then delivered covering as much 
of the surface area of the triangle as was 
technically feasible. Particular care was taken 
to ensure that several shocks were delivered 
not only around the mouth of the coronary 





Case Cumulative Effect on atrioventricular Folloto up 
No Shocks {F} energy (J) conduction Outcome (mnth } 
Group I: 
l 30, 30, 40 100 3° block for < 1 math. 1° block Sinus rhythm 14 
long term ` 
2 20, 20, 20, 20, 20, 20, 20, 20, 20, 200 ci block for < 1] month. No effect Sinus rhythm 7 
20 long term 
3 5, 10, 20, 20, 20, 20, 25, 25, 50, 245 3° block for < 1 mnth. 1° block Sinus rhythm 3 
50 long term 
4 400, 400, 25, 25, 25 800 + 75 3° block for < 1h. Nil long term Sinus rhythm 7 
Group 2 
5 5,5, 5,5, 5, 10, 10, 10, 10, 10, 10, 110 Nil Sinus rhythm 3 
15, 15 
6 5, 5, 5, 10, 10, 10, 10, 15, 15, 15, 130 Nil Developed atrial fibrillation at 2 
»15 two moth 
7 5, 10, 10, 10, 15, 15, 15, 15, 20, 235 1° block for < 10 beats Recurrence of atrial flutter at one 2 
20, 20, 20, 20, 20, 20 moth 
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Figure 1 Anatomical 

es of the triangle 
of Koch. Apex = Hts 
bundle; sides = tendon of 
Todaro, and septal leaflet 
of tricuspid valve, The 
base runs through the 
coronary sinus. Broad 
arrows indicate the 
putative re-entrant circuit 
tn type 1 atrial flutter. 


Figure 2 Triangle of 
Koch enlarged showing the 
approximate sites and 
magnitudes of energy 
delivered in joules. 


Bundle of His 





Septal leaflet of 
tricuspid valve 


sinus but also just within the os. Energies of 
up to 20 J were used at sites not immediately 
adjacent to the area of the atrioventricular 
node. The procedure was stopped when at 
least two shocks had been delivered at each 
attainable site. We then attempted to induce 
atrial flutter using single extrastimuli and 
rapid atrial pacing. All patients were followed 
up at one month and three months after dis- 
charge from hospital. 


Results 

In group 1 all patients were in chronic atrial 
flutter at the time of the procedure. In three 
patients stable complete heart block was 
achieved after three to 10 shocks with a 
cumulative energy of 100-245 J. The single 
largest energy used was 50 J. All of these 
patients had permanent adaptive rate pacing 
systems implanted and at discharge did not 
need antiarrhythmic treatment. At subsequent 
follow up (range three to 14 months) these 
patients remained symptom free, All had 
evidence of a return of atrioventricular conduc- 
tion with two showing first degree atrioven- 
tricular block. In patient 4 high energy ablation 





69 


of the atrioventricular node was attempted with 
two 400 J shocks. Only transient atrioventric- 
ular block was achieved but the patient 
developed hypotension with a systolic blood 
pressure of 60 mm Hg. The procedure was 
therefore stopped. Two days later attempted 
low energy ablation produced only temporary 
atrioventricular block. This patient was dis- 
charged on antiarrhythmic treatment to await 
surgical ablation of the atrioventricular node. 
However, he suffered no recurrences of his 
symptoms and his antiarrhythmic treatment 
was gradually withdrawn. 

In group 2 patients 12-15 shocks were 
delivered with a cumulative energy of 105- 
235 J. The single maximum energy used was 
25 J. During the procedure one patient devel- 
oped evidence of transient first degree atrio- 
ventricular block that lasted less than 10 beats. 
At the end of the procedure atrial flutter could 
sull be induced in two patients. At follow up of 
three to four months two patients remained free 
of atrial flutter. Of these, one patient had 
developed atrial fibrillation, an arrhythmia that 
had not been documented before ablation. In 
the third patient atrial flutter recurred a month 
after the procedure. 


COMPLICATIONS 

No patient developed hypotension or evidence 
of ventricular arrhythmia during low energy 
ablation. In group 2 one patient with alcoholic 
cardiomyopathy developed mild congestive 
heart failure one week after the procedure. This 
responded satisfactorily to diuretic treatment. 


Discussion 

Our experience suggests that the substrate for 
atrial flutter can be ablated by multiple low 
energy shocks in the triangle of Koch without 
the need for extensive endocardial mapping. In 
1925 Lewis first suggested that atrial flutter was 
due to a macro-reentry circuit in the right 
atrium. There is now considerable evidence to 
support this hypothesis from both experimen- 
tal models of the arrhythmia and from clinically 
based electrophysiology studies.’)''? The 
typical form of the arrhythmia (type 1) in 
humans is characterised by negative flutter 
waves in the inferior leads of the surface 
electrocardiogram. The arrhythmia can be 
entrained by rapid atrial pacing and reset by 
appropriately timed atrial extrastimuli, sug- 
gesting a reentry mechanism with an excitable 
gap. Endocardial mapping of the arrhythmia 
shows that activation proceeds in an anticlock- 
wise direction from the os of the coronary sinus 
to the bundle of His, then to the high right 
atrium, and finally to the lateral wall of the 
atrium before returning to the os of the coron- 
ary sinus thereby completing the circuit? 4 
(fig 1). 

Waldo first developed the concept of entrain- 
ment of reentrant arrhythmias based on his 
observations of atrial pacing in patients with 
postoperative atrial flutter. Central to this 
concept of entrainment is the presence of both 
an excitable gap and an area of slow conduction 
within the reentrant circuit. The ability to 
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entrain an arrhythmia is now widely accepted 
as proof that the arrhythmia is caused by a 
reentrant mechanism. However, direct proof 
that the circuit of atrial flutter contains an area 
of slow conduction has only recently been 
obtained.’ "%7 The most convincing evidence 
comes from Klein and colleagues who reported 
two patients with atrial flutter in whom intra- 
operative epicardial mapping confirmed the 
atrial activation sequence demonstrated by the 
intracardiac catheter approach. In addition 
there was a clumping of isochrones in the 
postero-inferior right atrium between the os of 
the coronary sinus and the atrioventricular 
node indicating slowed conduction in this 
region. After cryoablation of this area neither 
patient experienced a recurrence of their ar- 
rhythmia. Whether the posteroinferior right 
atrium is an obligatory part of the flutter circuit 
and consistently shows slow conduction has not 
been definitively established. It has been sug- 
gested that this area of slow conduction can be 
identified by mapping of the atrium during 
entrainment of atrial flutter and by assessment 
of the tachycardia response to attempted reset 
by atrial extrastimuli. This procedure termed 
entrainment mapping is one of the methods 
used to localise the area of slow conduction 
before ablation.'”® 

Recently several workers have suggested that 
fractionated or double spike electrograms may 
be a marker for the area of slow conduction.’*#! 
These can be recorded during spontaneous or 
entrained flutter in most patients and also 
occasionally during atrial pacing or sinus 
rhythm. They are found most consistently in 
the triangle of Koch but have also been recor- 
ded at other right atrial sites remote from this 
region. Although some workers suggest that 
these electrograms, particularly those with a 
double spike configuration, bracket the area of 
slow conduction on the circuit others argue that 
they represent colliding wavefronts within the 
refractory core around which the arrhythmia 
circulates. Whether these. abnormal electro- 
grams are simply epiphenomena or truly 
represent the area of slow conduction remains 
controversial. Both groups that have previously 
reported high energy DC ablation of atrial 
flutter regard the recording of these abnormal 
electrograms as the most important way of 
identifying the most suitable area for ablation. 
In some patients they recorded fractionated 
electrograms in more than one area of the right 
atrium. In practice they ablated only in the 
triangle of Koch. We achieved remission and 
possibly long term cure of the arrhythmia by 
delivering shocks in this region without resort- 
ing to complex endocardial mapping. 

The fact that attempted His bundle ablation 
also prevented recurrences of atrial flutter in 
some patients suggests that shocks delivered at 
the apex of the triangle of Koch may alter the 
conduction characteristics within a wider area 
of the triangle thereby abolishing or favourably 
modifying the arrhythmia substrate. However, 
ablation in this area may have additional un- 
wanted electrophysiological consequences. 
One patient in our group and three patients in 
the series of Saoudi et al developed previously 
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undocumented atrial fibrillation after ablation. 
The procedure may have disrupted but not 
abolished the arrhythmia substrate giving rise 
to recurrent episodes of unstable atrial flutter 
that degenerated into atrial fibrillation. Alter- 
natively, modification of the surrounding atrial 
myocardium may have predisposed it to 
primary atrial fibrillation. Ablation in the right 
atrium therefore seems to alter the electro- 
physiological substrate in some patients in such 
a way that the flutter circuit can either no longer 
be engaged or followed but fibrillation, which 
does not require this discrete zone of slow 
conduction, may be facilitated. 

Not all patients undergoing His bundle abla- 
tion either in our own or other series have 
shown abolition of atrial flutter. In some 
patients, but not all, this secondary effect on the 
flutter circuit may have been masked by 
successful interruption of atrioventricular con- 
duction. This variable success in ablating the 
flutter circuit is probably attributable to differ- 
ing extents of tissue damage. In some patients 
though atrial muscle at the apex of Koch’s 
triangle had been ablated other areas within the 
triangle could provide alternative conduction 
paths for the circulating wavefront. Only by 
abolishing all potential paths through this 
isthmus would the area of slow conduction be 
adequately extirpated. Use of a single high 
energy DC shock tn this area ablates not only a 
few millimetres around the catheter up but also 
modifies the conduction characteristics of the 
surrounding tissue for several square centi- 
metres.” If low energy shocks were to be used 
then several lesions would be required 
throughout the triangle to ensure that all 
potential paths for the arrhythmia had been 
ablated. 

The use of intracardiac high energy DC 
shock has been associated with early cardiac 
perforation and long term impairment of exer- 
cise capacity by right ventricular damage. This 
damage is probably mediated by arcing and 
barotrauma. Experimental work suggests that 
these are related to the maximum energy used, 
whereas useful tissue damage is related to peak 
voltage. The energy source that we used was 
designed to deliver capacitive discharges with a 
short ‘time constant by an anodal discharge. 
The shorter time constant means that though 
the peak voltage and current achieved were 
unchanged the total charge and energy were 
reduced. When used with a specially designed 
ablation catheter with a contoured tip peak 
voltages of up to 1423 V can be achieved before 
arcing occurs.” This minimises gas formation, 
arcing, and barotrauma to the surrounding 
cardiac structures.“ Most shocks delivered in 
our patient group, though well below the high 
energies of 150-300 J used by other groups, 
were above the arcing threshold for the system 
when used with a standard 7F ablation cath- 
eter. Therefore some degree of arcing and 
barotrauma must have occurred which, it could 
be argued, may have contributed not only to the 
overall effectiveness of the procedure but might 
also result in long term impairment of cardiac 
function. In addition, though it is possible, 
there is no conclusive proof that the baro- 
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trauma caused by multiple low energy shocks is 
less than that caused by a single high energy 
shock if the same cumulative energies are used. 
In future, improved power sources and cath- 
eter design may make ablation of the flutter 
substrate possible without causing any baro- 
trauma. In the meantime, if our simplified 
approach to the procedure shows continued 
success in the long term, it will increase the 
applicability of the technique to a wider group 
of patients. 


CONCLUSION 

Catheter ablation in the low posterior right 
atrium can be successfully used to ablate the 
substrate of atrial flutter. The use of low energy 
shocks may help to minimise the effects of 
barotrauma. The performance of the procedure 
can be guided by the simple anatomical land- 
marks of the triangle of Koch rather than 
by using extensive endocardial mapping 
techniques. 
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Early and late arrhythmias after the Fontan 
operation: predisposing factors and clinical 


consequences 


Marc Gewillig, Richard K Wyse, Marc R de Leval, John E Deanfield 


Abstract 

Objecttve—To study the incidence, 
predisposing factors, and clinical signi- 
ficance of arrhythmias early and late 
after the Fontan operation for congenital 
heart disease. 

Patients and methods—All 104 con- 
secutive patients undergoing Fontan 
repair from 1975 to 1988 were studied 
retrospectively. Hospital records were 
reviewed for perioperative arrhythmia. 
Clinical information and annual elec- 
trocardiograms were available for all 78 
hospital survivors during a follow up of 
up to 13 years (mean 3'7 years). 
Ambulatory electrocardiographic moni- 
toring was performed in 67 patients 
(81%). 

Results—Eleven patients (10°6%) 
developed a perioperative tachycardia 
(eight, atrial flutter; three, His bundle 
tachycardia). Multivariate analysis 
showed that raised preoperative mean 
pulmonary artery pressure and low aor- 
tic saturation were significant risk factors 
for the development of atrial flutter 
(r = 032, p = 00001) but not for His 
bundle tachycardia. Despite intensive 
medical treatment 10 of these 11 patients 
died. At the last visit 72 (92%) of the 78 
patients were in sinus rhythm on their 
standard 12 lead electrocardiogram. 
junctional rhythm was present in three 
patients, two patients had atrial flutter, 
and one had a paced rhythm. Ambula- 
tory monitoring did not show important 
bradycardia or ventricular arrhythmias. 
Actuarial survival free of supraven- 
tricular arrhythmia was 82% at eight 
years after operation. Multivariate 
analysis identified older age, increased 
right atrial size, and raised mean 
preoperative pulmonary artery pressure 
as risk factors for arrhythmia during 
intermediate follow-up (r° = 0°46, 
p < 0°001). Late tachycardias, in contrast 
to those occurring in the perioperative 
period, were not associated with an 
increased mortality. 

Conclusions—Except for His bundle 
tachycardia in the perioperative period, 
early and late arrhythmias after a Fon- 
tan operation seem to be a consequence 
of adverse preoperative and post- 
operative haemodynamic function. The 
perioperative outcome is therefore poor 


even when the patient can be restored to 
sinus rhythm. Medical and surgical 
modifications to improve the haemo- 
dynamic disturbances associated with 
arrhythmias are therefore indicated. 


In 1971 Fontan described an operation to 
connect the right atrium to the pulmonary 
artery in patients with tricuspid atresia, with- 
out incorporating an adequate right ventricle in 
the circulation.' Modifications of this procedure 
are being used as the definitive surgical repair in 
patients with an increasingly wide range of 
complex congenital heart disease. All the 
various surgical techniques that have been 
advocated involve atrial surgery and result in a 
chronic increase in the systemic venous atrial 
pressure.** Both factors predispose to 
supraventricular arrhythmia.*’ The acute and 
chronic haemodynamic consequences of such 
arrhythmia, producing a rise in the pulmonary 
venous atrial pressure in a circulation that 
usually lacks a subpulmonary ventricle, may be 
serious. Little information on arrhythmia after 
the Fontan operation and its consequences has 
been published.? We therefore investigated 
a consecutive series of patients undergoing 
Fontan repair, to study the incidence, time 
course, and predisposing factors to early and 
late arrhythmia, and to identify the circum- 
stances in which this may contribute to in- 
creased morbidity and mortality. 


Patients and methods 

PATIENTS 

All 104 patients (62 male, 42 female) under- 
going a Fontan operation between April 1975 
and March 1988, and who were resident in the 
United Kingdom, were included in the study. 
Initially we used the strict selection criteria of 
Choussat et al’ but over the course of the study 
several modifications and exceptions were 
introduced. As a result, a wide variety of 
anomalies and surgical connections are rep- 
resented in the patient population (table 1). 
Early on, valved conduits from the right atrium 
to right venticle or right atrium to pulmonary 
artery were inserted but later only direct 
atriopulmonary or total cavopulmonary con- 
nections were performed. Biographical infor- 
mation, morphological diagnosis, details of 
previous surgery, haemodynamic variables 
before Fontan operation, surgical technique, 
and follow-up status were available in all 
patients. 


Arrhythmias tn Fontan patients 


Table 1 Morphological and surgical characteristics 
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IVS, intact ventricular septum; RA, right atrium; RV, right ventricle; TCPC, total cavopulmonary connection. Second similar 


operations are indicated in parentheses. 


METHODS 

Hospital records, including drug charts and 
notes from the intensive care unit, were 
reviewed for arrhythmia which occurred before 
and during admission to hospital for operation 
and required intervention such as pacing, 
cardioversion, or antiarrhythmic treatment. 
Twelve hours after operation and just before 
the onset of an arrhythmia we assessed the 
patient’s haemodynamic condition by examin- 
ing right atrial pressure, transpulmonary 
gradient, diuresis, blood pressure, inotropic 
support, and the requirement for dialysis or 
abdominal counterpulsation. 

Follow up information was obtained in all 
patients, either by outpatient assessment or by 
contact with the patient’s family and primary 
physician. Patients and parents were ques- 
tioned about the functional status and symp- 
toms of arrhythmias. Follow up records and 
serial electrocardiograms obtained at least 
annually were also reviewed for symptoms and 
objective evidence of rhythm disturbance. 


AMBULATORY MONITORING 

In 67 patients 24 hour ambulatory electrocar- 
diographic monitoring was performed 0:2-13 
(mean 3-4) years after the Fontan procedure. 
Care was taken to monitor all patients in whom 
clinical follow up suggested an arrhythmia. 
Oxford Medilog 2 channel recorders were used 
(CM 1 and CM5 leads) and tapes were analysed 
visually at 60 times real time with an Oxford 
Medilog playback unit. The basic cardiac 
rhythm and the presence of arrhythmias or 
conduction defects were noted. Patients were 
considered to be in stable sinus rhythm if this 
was present for >90% of the 24 hour period. 
Records were classified as intermittent sinus 
and junctional rhythm if junctional escape 
rhythm was present in 10-50% of the record- 
ing and junctional rhythm if this was present 
>50% of the time. Atrial and ventricular 
extrasystoles were counted and ranked as 
proposed by Nagashima et al'®: <4, 5-9, 40- 
49, or >50 extrasystoles per 24 hour period. 
The presence of complex forms including mul- 
tiform beats, couplets, and runs of ventricular 
tachycardia (23 consecutive ventricular 


extrasystoles at a heart rate of > 120 beats/min) 
was also noted. 


EXERCISE TESTING 

Supine graduated exercise testing on a bicycle 
ergometer was performed by 73% (46 patients) 
of the survivors over the age of 5-5 years in 
whom stress testing was considered feasible. 
Patients were exercised for five minutes at 
progressively increasing workloads from 
0-25 W/kg to 15 W/kg with 0-25 W/kg in- 
crements per minute. Heart rate and rhythm 
were monitored continuously. Rate was ex- 
pressed as a function of an age-predicted value 
derived from data in 28 age-matched controls 
studied in our laboratory. 


HAEMODYNAMIC STATUS 

Routine postoperative cardiac catheterisation 
was not performed but catheterisation data 
were available in 28 (32%) of survivors. In 47 
patients (60%) echocardiography was used to 
study ventricular size and contractility and 
atrial size. Except for the patients with a total 
cavopulmonary connection, the length and 
width of the atria were measured from the 
apical view and their product divided by the 
body surface area to obtain an index of atrial 
size. In the patients who developed chronic 
atrial arrhythmias data were obtained from 
echocardiograms recorded when the patient 
was last seen in sinus rhythm. 


STATISTICAL ANALYSIS 

Data were stored in a SIR (version 2) database 
on an Amdahl mainframe computer and ana- 
lysed with SAS statistical packages (SAS Ins- 
titute, Cary, North Carolina, USA). All data 
were expressed as mean with standard devia- 
tion and/or range. Actuarial analysis of late 
survival free of supraventricular arrhythmias 
(as detected by any method and using the time 
of operation as time zero), was made by the 
Kaplan—Meier method. Univariate analysis 
and multiple regression techniques were used 
to determine risk factors for perioperative and 
late postoperative arrhythmias. Chi squared 
statistics were used to study differences of 
proportions; independent testing and re- 
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peated-measures analysis of variance were used 
to compare the exercise results of the Fontan 
patients with those of age-matched controls. 


Results 

PATIENT CHARACTERISTICS 

Table 1 summarises the morphological and 
surgical characteristics of the patients. Almost 
all (93 patients (89% )) had undergone palia- 
tion before the Fontan procedure, either by 
banding of the pulmonary trunk, by shunt 
procedures, or by other miscellaneous inter- 


ventions. Their mean (SD) age at Fontan 


operation ranged from 0:9 to 18-3 years (7:12 
(3-9)) and the 78 (75%) hospital survivors were 
followed for 0-2-13 years (3-7 (3°3)). At the last 
assessment, 27 patients (36%) were taking 
cardiac medication (digitalis in 18, diuretics in 
seven, vasodilators in nine, other antiarrhyth- 
mic agents in nine, anticoagulants in five). Sixty 
four patients were in New York Heart Associa- 
tion class I, 10 in class II, and one in class III. 
Three patients had died during follow up—two 
at re-operation and one two months after 
Fontan operation. 


PERIOPERATIVE ARRHYTHMIA: BRADYCARDIA 
During the first 24 hours after operation (mean 
onset 6:3 hours) eight (7-7%) ‘patients had a 
bradycardia requiring specific treatment. In 
three it was sinus bradycardia (rates 50, 62, 68 
beats/min) and in five patients a slow junctional 
escape rhythm (range 50-72 beats/min, mean 
58). Atrial pacing (five patients) and/or isopren- 
aline (seven patients) was effective and im- 
proved the haemodynamic condition of all the 
patients. In six treatment was stopped after 8— 
72 hours (mean 31) but two patients with 
persistent sinus bradycardia were discharged 
on oral isoprenaline for two and three months 
respectively (60 and 67 beats/min under treat- 
ment). Two of the patients with early significant 
bradycardias subsequently developed atrial 
flutter 25 and 72 hours later with accompanying 
rapid deterioration of their haemodynamic 
condition. One died and the other was restored 
to sinus rhythm after amiodarone and electrical 
cardioversion. He has remained in intermittent 
sinus and junctional rhythm over a four year 
follow up period on amiodarone. Atrial flutter 
recurred after some months on the one occasion 
when medication was stopped. Of the remain- 
ing six patients, one has developed atrial flutter 
14 months after Fontan. On ambulatory moni- 
toring (1-7, mean 3:5 years after surgery) three 
of these patients were in sinus rhythm with 
frequent (>200 in 24 hours) atrial extra- 
systoles. This feature was seen in only two of 
55 patients with no perioperative bradycardia 
in whom ambulatory electrocardiographic 
monitoring was performed. Thus perioperative 
bradycardia though not associated with in- 
creased mortality was associated with an 
increased incidence of late arrhythmias 
(p < 0-001). 


ATRIOVENTRICULAR BLOCK 
Persistent complete atrioventricular block after 
the Fontan operation in two patients with a 
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double inlet ventricle. Both were treated in the 
perioperative period with atrioventricular 
sequential pacing and a DDD pacemaker was 
implanted in one patient after one month 
because of a slow junctional rhythm (30 beats/ 
min). The other patient had considerable left 
ventricular dysfunction and poor haemodyn- 
amic function with a spontaneous ventricular 
rate of 60 beats/min. The clinical condition did 
not improve with atrioventricular sequential 
pacing and he died two months after operation 
while awaiting cardiac transplantation. No 
other patient developed atrioventricular block. 


TACHYCARDIA 

Tachycardias developed in 11 patients during 
the early postoperative period. One girl 
developed atrial fibrillation as she was weaned 
from bypass (right atrial pressure 17 mm Hg). 
Despite an acceptable ventricular rate on 
multiple antiarrhythmic agents and several 
attempts at cardioversion she remained in a low 
output state. While she was being prepared for 
a take-down of her Fontan operation four hours 
after the initial operation she died in ven- 
tricular fibrillation. A further five patients 
developed atrial flutter in the first 24 hours after 
operation (1-24, mean 9 hours). In all the 
arrhythmia was preceded by poor haemodyn- 
amic function reflected by high right atrial 
pressure (19-23, mean 21 mm Hg), low urin- 
ary output and the need for maximal inotropic 
support, and abdominal counterpulsation (two 
patients). All died 1-8 days after the Fontan 
operation’ despite early conversion to sinus 
rhythm in three patients (overdrive pacing 1, 
electrical cardioversion 2) and improvement in 
ventricular rate in two with amiodarone. A 
further patient collapsed suddenly while in 
sinus rhythm after successful weaning from the 
ventilator half an hour after extubation on the 
third postoperative day. After resuscitation he 
was found ‘to be in atrial flutter and was 
successfully converted by overdrive pacing to 
sinus rhythm. Despite the absence of any 
further arrhythmia he died 20 days later of a 
pulmonary infection. Only one patient, who 
developed atrial flutter three days after surgery, 
survived. He was successfully returned to sinus 
rhythm by electrical cardioversion after treat- 
ment with intravenous amiodarone. 

A further three patients developed a His 
bundle tachycardia (rate 162-200, mean 175 
beats/min) within three hours of operation. 
Before the tachycardia all three patients had 
satisfactory haemodynamic function as reflec- 
ted by a low (<15 mm Hg) systemic venous 
pressure, good cardiac output, and diuresis 
with minimal support. The tachycardia rate 
was not successfully controlled (by digoxin and 
atrioventrictlar sequential pacing) in one 
patient and despite good early haemodynamic 
function he died three hours after onset of the 
arrhythmia. In the second and third patients 
amiodarone and overdrive atrioventricular 
sequential pacing slowed the automatic 
tachycardia and improved the haemodynamic 
condition, but despite this both patients died 
one and seven days later at attempted take- 
down of the Fontan operation. 
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Multivariate analysis produced a significant 
model (r? = 0-32, p < 0:0001) predicting the 
occurrence of perioperative atrial flutter with a 
mean preoperative pulmonary artery. pressure 
of > 16 mm Hg (p = 0-002), low preoperative 
aortic saturation (p = 0-041), and young age at 
Fontan operation (p = 0-086). There were too 
few patients with His bundle tachycardia to 
perform a risk factor analysis. However, there 
were no specific features that identified these 
patients even on retrospective analysis, and 
these patients clearly did not fit the profile of 
those patients who developed perioperative 
atrial flutter. 


RESULTS DURING INTERMEDIATE FOLLOW UP 
Three of 78 hospital survivors died during 
follow up. None of the deaths, however, 
seemed to be related to an arrhythmia. One 
patient with double inlet left ventricle had 
borderline preoperative haemodynamic func- 
tion (mean pulmonary artery -pressure 27 
mm Hg, left ventricular dysfunction with 
atrioventricular valve regurgitation) and the 
result of his Fontan operation was poor (mean 
right atrial pressure 20 mm Hg one week after 
operation). He had developed complete atrio- 
ventricular block postoperatively (see above) 
but the haemodynamic condition had not im- 
proved with atrioventricular sequential pacing. 
He died two months after the, Fontan opera- 
tion. Two other patients died 5-1 and 7-5 years 
after the Fontan repair, both at the time of the 
second-replacement of a right atrial to pulmo- 
nary artery valved conduit. Both patients had 
24 hour ambulatory monitoring performed 
after the first operation and before the second 
operation. One was in sinus rhythm through- 
out and the other had short periods of supra- 
ventricular tachycardia alternating with sinus 
bradycardia and pauses of up to two seconds. 
He had a pacemaker inserted because of dizzy 
spells. However, this failed to improve his 
symptoms, which were then attributed to low 
cardiac output secondary to severe obstruction 
of his conduit. No other cases of late brady- 
cardia were detected. 
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Figure 1 Actuarial survival free of supraventricular tachycardia after the Fontan 
operation { Kaplan-Meier method with time of operation as time zero). Each patient 

a circle; the three late deaths (D) are indicated. R = redo 
Fontan with atrial flutter in early convalescence (n = 2). 


withdrawn is represented 
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Eleven patients (14% of postoperative 
survivors) experienced a paroxysmal tachycar- 
dia during their late postoperative course as 
detected by clinical examination, routine elec- 
trocardiography, ambulatory monitoring, or 
exercise testing. One of these was the only 
survivor of a tachycardia in the perioperative 
period (see above). Atrial flutter recurred a few 
months after an attempt at stopping amio- 
darone treatment. It was restarted and he has 
been successfully maintained in intermittent 
sinus and junctional rhythm. A further five 
patients developed clinical or electrocardio- 
graphic evidence of tachycardia shortly after 
discharge from hospital, all while doses of 
digitalis and diuretics were being tapered off 
(mean interval after operation 1-9 months, 
range 2 weeks to 4 months). In three there was 
only clinical evidence of short bouts of 
tachycardia and symptomatic palpitation with 
no haemodynamic upset. Repeated ambulatory 
electrocardiographic monitoring did not detect 
objective evidence of an arrhythmia in these 
patients. The two other patients were admitted 
to hospital in atrial flutter with 2:1 atrio- 
ventricular block and a ventricular rate of 
180 beats/min. Both were cardioverted to sinus 
rhythm. There has been no subsequent ar- 
rhythmia on chronic medication with digitalis 
in one or flecainide in the other. In three 
patients late tachycardias were related to 
problems with conduit obstruction. One 
patient with severe obstruction of his second 
valved conduit between the right atrium and 
right ventricle had short runs of supraven- 
tricular tachycardia (rate 120 beats/min) dur- 
ing ambulatory electrocardiographic monitor- 
ing. He died at second reoperation. Two other 
patients developed atrial flutter with only mild 
haemodynamic upset one and three months 
after reoperation for conduit obstruction. 
Sinus rhythm was re-established and main- 
tained with amiodarone in one patient and the 
ventricular rate was controlled with flecainide 
in the other. Two patients developed new atrial 
flutter more than a year after the Fontan opera- 
tion. One of these patients had been treated for 
sinus bradycardia in the perioperative period 
and had been discharged on oral isoprenaline 
for three months. Postoperative treatment with 
diuretics was stopped only at a 14 months 
evaluation and when she was reviewed at 22 
months she was noted to be in atrial flutter with 
a ventricular rate of 140 beats/min. This 
change in rhythm was associated with a sig- 
nificant increase in ventricular size and 
impaired left ventricular contractility. The 
other patient was admitted to an emergency 
department seven years after his Fontan opera- 
tion: he had atrial flutter and a ventricular rate 
of 220 beats/min associated with impaired 
haemodynamic function. He had noticed 
occasional episodes of palpitation over the 
previous month with one syncopal episode. He 
was treated with intravenous verapamil, which - 
initially produced some slowing of the heart 
rate which then, however, deteriorated to asys- 
tole. He was resuscitated but experienced a 
severe multiorgan ischaemic insult and has 
made only a slow recovery. 
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Figure 2 Cardiac rhythm in Fontan patients on last electrocardiogram ( ECG) and on | 
24 hour ambulatory electrocardiographic monitoring (AECG). JR, junctional rhythm; 


SR, sinus rhythm; PM, 
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~ Actuarial analysis showed that survival free 
of tachycardias detected by any method was 


, 89% at five years and.survival at eight years 
after a successful: Fontan operation was 82% 


(fig 1). Nine of the 11 patients with late 
tachycardia reported symptoms (five mild, 
three moderate, one severe). > “ii 


ROUTINE ELECTROCARDIOGRAMS .. 
At last visit, 72 of the 78 (92%) patients were in 


sinus: rhythm on’ their standard 12 lead’ 


electrocardiograms (fig 2). Junctional or low 
right atrial rhythm was present in three 
patients, two of whom had left isomerism. Two 


patients had atrial flutter and one had a paced. 


rhythm. First degree atrioventricular block was 
present in.three patients, all of whom were 


taking digitalis. - 
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Figure 3 Supraventricular and ventricular extrasystoles (SVE and VE) on a 24 hour 
ambulatory electrocardiographic monitoring. Numbers refer to number of patients in 


each subgroup. 
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: 24 HOUR AMBULATORY ELECTROCARDIOGRAPHIC 


MONITORING 

Ambulatory monitoring was performed in 67 
hospital survivors 3-5 (3-3).years after Fontan 
operation and 63 (81% of the total group) 
recordings were of adequate quality. Fifty five 
(87%) of these patients were in sinus rhythm. 
The remainder were in sinus rhythm with 
intermittent junctional escape (three patients), 
established junctional rhythm (2 patients), 
chronic atrial flutter (two patients), and one 
paced rhythm. Eight patients had a wandering 
atrial pacemaker during recordings. Figure 3 
summarises the atrial and ventricular extra- 
systoles detected by ambulatory monitoring. 
Only two patients had more than 50 ventricular 
extrasystoles. All were isolated and uniform. 


` One patient showed an episode of ventricular 


bigerniny at rest and one patient had two 


_ ventricular couplets. Five patients (8%) had 


more than 50 supraventricular extrasystoles in 
the 24 hour recording. No significant brady- 
cardias or atrioventricular block were seen. 
Ambulatory monitoring detected evidence of 
arrhythmia with bouts of supraventricular 
tachycardia in only one patient and multiple 
recordings failed to detect arrhythmias in three 
patients with symptoms of palpitation and 
clinically documented tachycardias. 


EXERCISE TESTING 
All patients except one were in sinus rhythm 
throughout the exercise test. One patient with 


chronic atrial -flutter had frequent uniform 


ventricular extrasystoles at rest which disap- 
peared as soon as she. started. to exercise. 
Similarly, two other patients had frequent 
atrial extrasystoles at rest but these disappeared 
on exercise. No new ventricular arrhythmia 
was documented. At the highest workload of 
1-5 W/kg the controls had a heart rate of 124 
(18) beats per minute. The heart rate at rest was 
significantly higher in the Fontan patients than 
in the age-matched controls (p < 0:01). This 


. difference disappeared as soon as exercise star- 


ted so that at all levels of exercise the heart rate 


: in the Fontan patients was similar to that seen 


in age-matched controls. 


FACTORS ASSOCIATED WITH LATE ARRHYTHMIA 

‘Table 2 summarises factors that were assessed 
to determine risk factors for late arrhythmia. 
Multivariate analysis produced a ‘significant 
model (1? = 0:46, p < 0-001) predicting 
occurrence of a tachycardia during inter- 
mediate. follow up with older agé (p < 0-01), 
larger index of atrial size (p < 0-05), and a 
preoperative mean pulmonary artery pressure 
>20mmHg (p < 0-01)... Occurrence of 


. frequent (> 50 per minute) atrial extrasystoles 


was predicted by a model (r = 0-33, 
p < 0-005) which used time since Fontan 
repair (p < 0-003) and preoperative mean pul- 
monary artery pressure as variables (p < 0:02). 
In this study, we were unable to show a relation 
between the occurrence of arrhythmias during 
intermediate follow up and either the under- 
lying cardiac lesion or the surgical technique. 
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Table 2 Factors included in the multivariate analysis for late tachycardia 








Late tachycardia 
No Absent Presént t test (p) 
Age at Fontan operation (y) 7:3 (3-8) 10-1 (4-1) <0-05 
Follow up* (y) 35 ‘5 3 4-3 (4-2) NS 
Age* (y) 10-9 (5-3 14-4 (5-5) <0-05 
Preoperative haemodynamics (n = 78):° ' 
Mean PA pressure (mm Hg) 14-0 (4:3) 13-9 (5-6) NS 
PA pressure > 20 mm Hg 5/67 3ni <0-0) 
Qp ae 161-1 1:7 tS NS 
L P (mm Hg) » 9-3 (3-3) 8-1 (49 NS 
Sri saturation (%) 83-8 (5-2) 86-2 (4-1) NS 
LVEDD (%) se (15) 122 (13) NS (n = 44) 
Fractional shortening (%) aS 9) 30-0 0-0) NS (n = 44) 
RA width x length/B 268 9-9) 36-6 (9-0) <0-05 (n = 47) 
LA width x length/BSA 9-6 (2:9) 11-2 (4°6) NS (n = 47) 
Cardiothoracic index 0:52 (0-05) 0:55 (0°13) NS (n = ae 
Tallest P on ECG (mm) 3-0 (1-1) 2:5 (1-6) NS (n = 78 





BSA, body surface area; LA, left atrium; LVEDD, left ventricular end diastolic dimension as % 
of normal for BSA”; ; LVEDP, left ventricular end diastolic pressure; PA, pulmonar artery; RA, 
right atrium. *Time to or age at end of follow up or occurrence of tachy cardia.. 


Discussion 

The Fontan operation and its modifications 
involve atrial surgery and may result in a 
circulation that functions ata chronically raised 
right atrial pressure. Both these factors are 
known to increase the likelihood of supra- 
ventricular arrhythmias. Our results show that 
the circulation after the Fontan operation is 
vulnerable to such tachycardias, particularly in 
the early postoperative period when they are 
highly associated with poor outcome. Late 
tachycardias, however, were better tolerated 
and did not provoke sudden death. These 
results contrast with published data from the 
Mayo Clinic in which 6/23 (26%) of the late 
deaths after Fontan surgery were sudden or 
attributed to arrhythmias. 


PERIOPERATIVE ARRHYTHMIA 

The incidence of perioperative arrhythmias is 
undoubtedly underestimated because of the 
retrospective design of our study. Loss of sinus 
rhythm or ectopic rhythms that were transient 
and well tolerated will have been missed. 
Nevertheless, life threatening rhythm distur- 
bances were noted in 10% of the patients. 
Without preoperative monitoring it is not pos- 
sible to determine whether arrhythmias were 
already significantly more common in this 
group before the Fontan surgery. Certainly, 
some patients undergoing surgery have atrial 
isomerism, which is known to be associated 
with structural and electrophysiological abnor- 
malities and loss of sinus rhythm.” 

Two different patterns of perioperative 
tachycardias were noted. The most common 
was atrial flutter which was associated with 
borderline preoperative and postoperative 
haemodynamic function. Atrial flutter 
therefore seemed to be a marker that identified 
patients with adverse risk factors; moreover, 
when it did occur, atrial flutter triggered a rapid 
deterioration and accelerated an already exist- 
ing decline in haemodynamic function. Acute 
and chronic changes in the electrophysiological 
properties of the atria in response to stretching 
and increase in pressure are well recognised. In 

the dog model, Boyden and Hoffman showed 


t 
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both increased susceptibility to initiation of 
atrial flutter and increased duration of arrhyth- 
mia in distended atria.® Potential substrates for 
arrhythmia have also been noted in studies on 
diseased human atria.” Furthermore, extensive 
atrial surgery as in the Mustard and Senning 
operation increases early arrhythmia. Puga et al 
and Matsuda et al reported a high incidence of 
severe atrial flutter after a modified Fontan 
technique in which a cavocaval channel was 


‘created with atrial wall for patients with left 


atrioventricular valve atresia or a single 
atrioventricular valve.*’* Sinus rhythm 
optimises systemic ventricular function. 
Though atrioventricular synchrony may not be 
required for survival, the loss of the atrial 
contribution to systemic ventricular filling and 
increase in atrial pressure secondary to 
arrhythmias may seriously impair cardiac out- 
put after the Fontan operation.” 

The poor outcome of the patients with 
postoperative atrial flutter emphasises the 
impact of patient selection on the results after 
Fontan operation. Both a raised preoperative 
mean pulmonary artery pressure and low aortic 
saturation were identified as significant risk 
factors for early atrial flutter. A raised pulmon- 
ary artery pressure is associated with some 
medial hypertrophy, which predisposes to 
increased pulmonary vascular resistance or 
reactivity or both. The effects of hypoper- 
fusion on the developing pulmonary circula- 
tion may be as deleterious as those of hyperper- 
fusion and pulmonary hypertension. The 
proximal elastic arteries develop less elastin 
than normal, while the intra-acinar arteries are 
usually smaller and have a thinner coat. Pul- 
monary arterial thromboses can occur and they 
account for eccentric areas of intimal fibrosis. 
Moreover the development of the alveoli is 
impaired when the lung is severely hypoper- 
fused.” Extrapolation of vascular resistance 
at a higher flow condition (that is, full systemic 
flow as after a Fontan operation) from a resis- 
tance calculated in a low flow condition (that is 
Qp/Qs < 0-7) requires some assumptions such 
as adequate compliance of the pulmonary vas- 
cular bed.” This study and other observations 
have led our surgeons often to prefer a shunt 
procedure to a Fontan operation in cyanotic 
patients. 

A second but less frequent tachycardia noted 
in the early postoperative period was His 
bundle tachycardia. In contrast to atrial flutter 
this was not predicted by preoperative or 
postoperative haemodynamic condition. 
Similar arrhythmias have been seen after other 
cardiac operations involving manipulation of 
the area around the atrioventricular node, 
including repair of a ventricular septal defect 
and tetralogy of Fallot.” Such arrhythmias 
were particularly poorly tolerated in the Fon- 
tan circuit, in which only minor increases in left 
atrial pressure can be disastrous. Such an 
increase resulted in rapid deterioration and 
death in our patients. Presumably, His bundle 
tachycardia is related to some aspects of the 
surgery itself. The Fontan operation requires 
atrial manipulation and suturing, and damage 
to the atrioventricular node and its blood 
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supply is one possible basis for arrhythmia. 
Currently our understanding of the electro- 
physiological basis of this less common but 
potentially lethal arrhythmia is limited. We are 
now evaluating different protocols involving 
early treatment with drugs, cooling of the 
patient, and atrioventricular sequential pacing. 

Arrhythmias during intermediate follow up 
seemed to be related to haemodynamic condi- 
tion. Interestingly, they occurred most often 
when treatment with diuretics was being 
tapered off either after the original Fontan 
operation or in two patients after a second 
operation. We could not determine whether 
reducing the dose more slowly would have 
avoided the postoperative arrhythmia. In nine 
of 11 patients sinus rhythm could be restored 
with medication. Multivariate analysis identi- 
fied older age, increased right atrial size, and 
raised preoperative pulmonary artery pressure 
as risk factors for tachycardia during medium 
term follow up. It will be important to deter- 
mine whether the incidence of arrhythmias 
increases with longer follow up, as in atrial 
repair of transposition of the great arteries,” 
and how it relates to preoperative factors such 
as palliation and timing of the Fontan opera- 
tion. Only 32% (25/78) of our patients were 
followed for five years or more after operation. 
Our multivariate analysis indicated the 
incidence of supraventricular extrasystoles on 
ambulatory monitoring increased with time 
since repair. This accords with evidence from a 
large group treated at the Mayo Clinic which 
suggests that late arrhythmias may be an 
increasingly important complication during 
follow up after the Fontan operation.” In a 
retrospective study it is difficult to separate the 
effects of length of follow up from era of surgery 
and changes in management policy. We are 
currently prospectively studying preoperative, 
perioperative, and serial follow up ambulatory 
electrocardiographic monitoring of patients 
after Fontan repair. 

Late tachycardias were well tolerated by 
most of our patients and none of the late deaths 
was provoked by an arrhythmia. Only one 
patient reported syncope in association with 
impaired systemic ventricular function. 
However, despite lack of immediate symptoms, 
loss of stable sinus rhythm may have adverse 
long term effects. We were able to study ven- 
tricular size and function in a group of patients 
before and during follow up after Fontan.” 
One patient who developed asymptomatic 
chronic atrial flutter during follow up showed a 
significant increase in ventricular dimensions 
and a decrease in contractility after the onset of 
arrhythmia. This contrasted with all the other 
patients studied in sinus rhythm who showed a 
decrease in dimensions and increase in contrac- 
tility studied by load-independent indices of 
ventricular function after operation. Thus 
preservation and restoration of sinus rhythm or 
at least maintaining an acceptable ventricular 
rate is important for long term postoperative 
wellbeing. 

Ambulatory electrocardiographic monitor- 
ing showed an increased incidence of atrial and 
ventricular extrasystoles compared with nor- 
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mal patients of similar age.” The clinical 
significance of this finding could not be 
evaluated in our study because we did not 
perform serial monitoring. As in previous 
studies of congenital heart disease, very few 
arrhythmias were recorded by ambulatory 
monitoring that had not been manifested by 
clinical follow up or standard serial electro- 
cardiography. Likewise, submaximal exercise 
testing, while yielding interesting data on the 
determinants of cardiac output after Fontan,” 
provoked almost no arrhythmia. In none of our 
patients was the response of cardiac output to 
submaximal exercise testing over a 
physiological range limited by the inability to 
increase heart rate to appropriate values 
achieved by age matched controls. Currently, 
therefore, there does not seem to be an indica- 
tion for prophylactic antiarrhythmic treatment 
based on findings ofeither ambulatory monitor- 
ing Or exercise testing, especially bearing in 
mind the negative inotropic effects of most of 
such agents. 

Based on our understanding of the Fontan 
circulation we may need to refine the indica- 
tions for Fontan procedures, to alter the sur- 
gical technique on individual patients, or to 
consider other therapeutic strategies. The 
incidence of early and late arrhythmia has been 
an impetus to modify our surgical approach to 
the Fontan operation. In vitro and in vivo 
studies suggest several practical and theoretical 
advantages for the total cavopulmonary con- 
nection over the atriopulmonary connection in 
some patients.” In the total cavopulmonary 
connection blood from the cavae is channelled 
to the pulmonary artery, either by a graft or a 
composite channel made from prosthetic 
material and sinus venosus wall. Therefore a 
smaller atrial mass is exposed to a chronic 
increase in systemic venous pressure and the 
stress in the atrial wall is lower (law of Laplace). 
The coronary sinus is left in the low pressure 
chamber and surgery occurs well away from the 
atrioventricular node. We are currently con- 
ducting a prospective study using perioperative 
and follow up ambulatory monitoring to 
examine whether this modification will reduce 
the incidence of early and late arrhythmias after 
the Fontan operation. 


Conclusions 

In a consecutive series of patients undergoing a 
Fontan operation, perioperative tachycardias 
were common and associated with significant 
morbidity and mortality. Early atrial flutter was 
a marker of adverse preoperative and post- 
operative haemodynamic function whereas His 
bundle tachycardia was not. During inter- 
mediate follow up development of supraven- 
tricular arrhythmias was also associated with 
borderline haemodynamic condition and with 
increased right atrial dimensions. Late 
tachycardias were haemodynamically better 
tolerated than in the early postoperative period. 
Modifications of the surgical technique desig- 
ned to diminish energy loss in the circulation 
and prevent right atrial distension and 
increased pressure may reduce the incidence of 
early and late arrhythmias. 
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Atrial flutter in the fetus and young infant: 
an association with accessory connections 


Janice Till, Christopher Wren 


Abstract 

Objective—To highlight the association 
between atrial flutter and accessory con- 
nections in the fetus and young infant. 

Design-~~A retrospective review from 
January 1985 to January 1990. 

Patients—Fetuses, neonates, and young 
infants with atrial flutter. 

Results-—-Four fetuses and five infants 
presented with atrial flutter. In two 
fetuses and one infant sinus rhythm 
returned spontaneously. The other six 
required cardioversion. Three of them 
developed orthodromic atrioventricular 
re-entry tachycardia and each had 
evidence of an accessory connection. 

Conclusions—Because atrial flutter in 
the fetus and neonate is rare, the high 
incidence of accessory connections in this 
group points to a possible aetiology of 
“idiopathic” atrial flutter in this age 


group. 


Atrial flutter is an uncommon arrhythmia in the 
fetus, the neonate, and in infancy. Associated 
structural heart disease is unusual and most 
cases are considered to be idiopathic. In a five 
year period we encountered nine patients with 
atrial flutter presenting in fetal life or early 
infancy. Given the rarity of atrial flutter in this 
age group, the finding of accessory connections 
in three patients 33%) is likely to be of 
aetiological significance. 


Patients and methods 

From January 1985 to January 1990 we 
encountered nine patients with atrial flutter 
presenting in fetal life or early infancy. The 
diagnosis of atrial flutter in the fetus was made 
echocardiographically from the finding of a 
regular atrial tachycardia (rate 400-500 beats 
per minute) with atrioventricular block (gen- 
erally 2: 1).! The diagnosis of atrial flutter in 
the newborn was made in the presence of 
characteristic flutter waves on the surface elec- 
trocardiogram at 300-500 per minute with 
atrioventricular block. Evidence of pre- 
excitation was sought on all electrocar- 
diograms, especially those recorded in sinus 
rhythm, but no provocative tests (such as vagal 
stimulation, intravenous adenosine, or oeso- 
phageal pacing) were used to unmask latent 
pre-excitation or in an attempt to induce 
tachycardia. 


Results 
Nine patients with atrial flutter were identified. 
The table gives their clinical characteristics. 


Two of the four patients presenting in utero 
reverted to sinus rhythm before birth and none 
of the four had evidence of pre-excitation on 
postnatal electrocardiograms. Six of seven 
patients with atrial flutter present at birth or 
soon afterwards had a sustained arrhythmia 
and required direct current cardioversion. 
There was no recurrence of flutter in any 
patient but three developed sustained ortho- 
dromic atrioventricular re-entry tachycardia 
and all three had evidence of an accessory 
connection. 

Patient 3 was identified as having atrial 
flutter in utero at 36 weeks’ gestation. Atrial 
flutter was still present at birth at term. The 
electrocardiogram confirmed the diagnosis of 
atrial flutter with an atrial rate of 420 per 
minute and 2:1 atrioventricular conduction 
but showed no evidence of pre-excitation (fig 
1A). Atrial flutter persisted for 24 hours when 
direct current cardioversion was performed. A 
single shock of 5 J restored sinus rhythm for a 
few beats before sustained narrow QRS 
tachycardia at 300 beats per minute developed. 
A further shock again restored sinus rhythm 
transiently but tachycardia resumed almost 
immediately. The QRS complexes at the onset 
of tachycardia showed a left bundle branch 
block pattern. Spontaneous resolution of the 
bundle branch block was associated with a 
decrease in cycle length from 260 to 235 ms, 
supporting the diagnosis of atrioventricular re- 
entry tachycardia with a concealed left acces- 
sory pathway (fig 1B-D). Recordings in sinus 
rhythm showed no evidence of pre-excitation. 
The arrhythmia was difficult to control but was 
eventually suppressed by treatment with oral 
flecainide. There were occasional recurrences 
of orthodromic atrioventricular re-entry 
tachycardia over the first 18 months of life but 
no recurrence of atrial flutter. 

Patient 7 was noted to have tachycardia 
during labour. An electrocardiogram after 
delivery showed atrial flutter of 400 beats per 
minute with variable atrioventricular block (fig 
2A). The ventricular rate ranged from 160 to 
190 beats per minute. The baby remained well 
and was treated with digoxin from nine days of 
age to control the ventricular rate. At 14 days of 
age he developed a wide QRS tachycardia with 
a ventricular rate of 200 per minute which was 
interpreted as atrial flutter with pre-excitation 
via an accessory connection (fig 2B). Treatment 
with digoxin was stopped and a direct current 
shock restored sinus rhythm. The electrocar- 
diogram then showed Wolff-Parkinson~-White 
syndrome and the pattern of pre-excitation was 
consistent with a left posterior accessory 
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Clinical details of nine fetuses and infants with atrial flutter 
ee a a a eer 
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Age at Atrial Ventricular Maternal Rhythm 
Patient Sex presentation (wh) rate (per min} rate (per min) drugs at birth Comments 
l F 40* 420 210 Digoxin SR 
2 F 40* 420 210 Digoxin AFL 
3 M 40* 410 205 AFL Concealed accessory pathway 
4 M 40* 420 210 Dien SR 
5 M Birth 374 + 130-300 AFL 
6 M Birth 400 200 AFL 
7 M Birth 400 160-190 AFL Wolff-Perkinson-White syndrome 
8 F Birth 300 300 AFL 
9 F 7 wk 360 180 ? Wolff-Parkinson-White syndrome 
*Diagnosed in utero. 


SR, sinus rhythm; AFL, atrial flutter. 


Figure I 
Electrocardiograms from 
patient 3. Recordings show 
atrial flutter with 2 : 1 
atrioventricular 
conduction (A), onset of 
tachycardia with left 
bundle branch b 

pattern (B), resolution of 
bundle branch block with 
shortening of tachycardia 
cycle length (C), and 
termination of tachycardia 
with no evidence of pre- 
excitation tn sinus rhythm 
(D). Panel A ts lead I and 
Panels B, C, and D are 
lead II. 
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Figure 2 Electrocardiograms from patient 7. Leads II, aVF, and V1 are shown with 
recordings at birth (A), after treatment with digoxin showing pre-excitation (B), îm 
orthodromic atrioventricular re-entry tachycardia (C), and in sinus rhythm showing 
evidence of Wolff-Parkinson-White syndrome (D). 


orthdromic atrioventricular re-entry with a 
narrow QRS over the next 12 hours were 
terminated with intravenous adenosine (fig 
2C). Initially tachycardia was suppressed with 
oral flecainide but after 36 hours incessant 
atrioventricular re-entry at 214 beats per 
minute developed. Flecainide was stopped and 
replaced by amiodarone. There*has been no 
recurrence of atrioventricular tachycardia nor 
of atrial flutter on this treatment. 

Patient 9 presented aged seven weeks with 
heart failure. She had had symptoms from birth 
and her weight had fallen from the 97th centile 
to the 3rd, so that at presentation she was below 


her birth weight. An electrocardiogram showed 
atrial flutter with 2:1 conduction (fig 3A). 
Observation showed intermittent pre-excita- 
tion with a delta wave present for about 30 
seconds (fig 3B) followed by normal conduc- 
tion for 30 seconds. Electrical cardioversion 
restored sinus rhythm and the electro- 
cardiogram then showed a delta wave with the 
pattern of pre-excitation suggesting a postero- 
septal accessory pathway (fig 3D). Within 15 
minutes the baby developed a narrow QRS 
tachycardia at 300 per minute (fig 3C). Aden- 
osine restored sinus rhythm on three occasions 
and the fourth episode was treated with 
intravenous flecainide. This was followed by 
oral flecainide and there has been no recurrence 
of atrial flutter or orthodromic atrioventricular 
re-entry in 12 months of follow-up. 


Discussion 

Sustained tachycardia in the newborn is 
uncommon and at this stage atrial flutter occurs 
much less frequently than supraventricwar 
tachycardia. Both arrhythmias also occur in the 
fetus but flutter is then proportionately more 
common.? Compared with older children very 
few fetuses or infants with atrial flutter have 
associated structural heart disease and the 
arrhythmia is usually considered to be 
idiopathic.> The three cases we describe 
showed the typical electrocardiographic 
features of atrial flutter in this age group. The 
new born atria differ from those in the adult in 
their ability to sustain high flutter rates which 
may exceed 400 per minute. 

The presence of accessory connections in 
three of our nine patients, all with sustained 
atrioventricular re-entry tachycardia after 
treatment of the atrial flutter, is intriguing and 
is likely to be of aetiological importance. The 
association of atrial flutter and accessory con- 
nections in the fetus and the newborn has been 
reported occasionally but its significance has 
probably not been fully appreciated. Lubbers 
et al reported eight infants with atrial flutter, 
two of whom had Wolff-Parkinson-White syn- 
drome.* Rowland et al reported seven cases of 
atrial flutter (two in the fetus and five in the 
newborn) with one case of recurrent paroxys- 
mal supraventricular tachycardia probably due 
to an accessory connection.’ Chantepie et ail 
documented atrial flutter, rapid atrial tachycar- 
dia, and orthodromic atrioventricular re-entry 
tachycardia in a premature baby with Wolff- 
Parkinson-White syndrome. Belhassen et al 
described a baby with Wolff-Parkinson-White 
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Figure 3 Electrocardtograms from patient 9. Leads 1, aVF, and V1 are shown. 
Recordings were taken at presentation tn atrial flutter with 2 : 1 atrioventricular 
conduction without (A) and with pre-excttation (B), after cardioversion showing 


orthodromic atri 


re-entry 


tachycardia (G), and tn sinus rhythm showing 


evidence of Wolff-Parkinson-White syndrome (D). 


syndrome and atrial flutter documented in 
utero and postnatally.’ Meha et al described a 
baby born at 36 weeks’ gestation by emergency 
caesarean section for fetal tachycardia.» They 
observed atrial flutter with intermittent-1: 1 
anterograde conduction over an accessory con- 
nection and “atrial fibrillation”, which in 
retrospect seems more likely to have been atrial 
flutter with variable atrioventricular block after 
the administration of digoxin, lignocaine and 
phenytoin. Johnson et al reported a case in 
which fetal supraventricular tachycardia at 26 
weeks’ and atrial flutter at 27 weeks’ gestation 
were confirmed echocardiographically.’ Sinus 
rhythm resumed after maternal treatment with 
quinidine. A postnatal tranoesophageal elec- 
trophysiological study confirmed the presence 
of a left lateral accessory connection. Maxwell 
et al described 23 cases of fetal tachycardia; 12 
supraventricuar tachycardia, eight atrial flut- 
ter, and three in which the rhythm varied 
between supraventricular tachycardia and 
atrial flutter.* No details of the postnatal elec- 
trocardiograms were given. Deal et al, in a 
report of 90 infants with Wolff-Parkinson- 
White syndrome, found one born with atrial 
flutter who developed a wide QRS tachycardia 
on digoxin, similar to patient 7 in our series.’° 
Dunnigan et al, Martin and Hernandez, and 
Moller et al between them reported 24 cases of 
atrial flutter with no evidence of accessory con- 
nections." 

The underlying cause of atrial flutter in the 
fetus and the newborn is unknown. The 
association of atrial flutter and atrioventricular 


‘re-entry tachycardia via an accessory connec- 


tion in our cases and in the reports above is 
interesting and may be of aetiological impor- 
tance, given the rarity of atrial flutter in this 
situation. In adults the association between 
atrial flutter.and accessory connection arrhyth- 
mias is well recognised. Episodes of sustained 
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atrioventricular re-entry tachycardia have been 
reported to revert directly to atrial flutter." 
The occurrence of atrial flutter in the fetus or 
the neonate with an accessory connection may 
represent a similar phenomenon. The reason 
for the degeneration of atrioventricular re- 
entry tachycardia into atrial flutter or fibrilla- 
tion is not clear but the occurrence of an atrial 
extra-stimulus during the atrial vulnerable 
period may play a part. Atrioventricular re- 
entry tachycardia in the fetus or newborn often 
impairs cardiac function and may cause 
appreciable atrial dilatation. This may facilitate 
the initiation and maintenance of atrial flutter 
which, with its shorter cycle length, would 
then become the dominant rhythm. A further 
theoretical mechanism is the possible 
retrograde conduction of ventricular extra- 
systoles to the atrium via the accessory 
connection which might initiate atrial flutter.” 

The electrophysiological characteristics of 
the heart change rapidly from the fetus to the 
neonate and during the first year of life, 
although the full extent of these changes is 
unknown. The different rates of atrioven- 
tricular re-entry tachycardia in the fetus and 
the neonate are well recognised, as are changes 
with age in the conduction characteristics and 
refractory periods of accessory pathways.'*!” 
Such changes may underlie the difference in 
the relative incidence of atrial flutter and 
atrioventricular re-entry tachycardia in the 
fetus, the neonate, and the infant and may 
explain the dramatic reduction in the 
occurrence of isolated atrial flutter with 
increasing age and maturity in early life. Cessa- 
tion of spontaneous recurrences of supraven- 
tricular tachycardia and of pre-excitation in the 
newborn with Wolff-Parkinson-White syn- 
drome is common.” Disappearance, whether 
functional or physical, of accessory connections 


during fetal life is probably also common, so 


that there may be no evidence of an accessory 
connection once sinus rhythm is restored after 
birth. 

This association may have implications for 
management. Historically digoxin has been 
used as the drug of first choice for flutter in 
young children.” ® The action of digoxin on 
atrial cells is to shorten the refractory period, an 
action which theoretically would enhance the 
chances of atrial flutter being sustained rather 
than bring about its termination, although it 
may decrease the ventricular rate by slowing 
atrioventricular node conduction. The use of 
digoxin in atrial flutter with an accessory 
connection is more controversial as it is known 
that digoxin may decrease the anterograde 
refractory period of the accessory connection, 
thus allowing more atrial impulses to reach the 
ventricle—a potentially life-threatening situa- 
tion. We feel, therefore, that digoxin should not 
be the drug of first choice in this situation and 
recommend direct current cardioversion or 
overdrive atrial pacing in preference. 
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Normal relation between heart rate and cardiac 
repolarisation in sudden infant death syndrome 


Vernon T Wynn, David P Southall 


Abstract 

Objective—To determine whether there 
was a difference in the relation between 
heart rate and RT intervals in infants 
who later died of sudden infant death 
syndrome (SIDS) and controls. 

Design—A blinded, computer analysis 
of prospectively acquired physiological 
data on SIDS cases and controls. 

Setting—Physiological data obtained 
from infants at home (collaborative 
analysis National Heart and Lung Insti- 
tute and Exeter University). 

Participants—Nine fullterm infants 
who subsequently died of SIDS and 10 
surviving controls matched for age and 
birth weight. 

Interventions—24 hour tape recordings 
of the electrocardiogram at home bet- 
ween three and 11 weeks of age. 

Matin outcome measures—Mean value 
of the constant b, which relates by linear 
regression the log of each RT interval to 
the log of its preceding RR interval, and 
any difference between SIDS cases and 
controls. 

Results—The mean (2SEM) values for 
b were 0-20 (0-03) for the 10 controls and 
0-19 (0°03) for the nine SIDS infants. 
Cyclical correlations between RT and RR 
intervals of varying strength were iden- 
tified in both SIDS infants and controls. 

Conclusions—Infants who subsequently 
died of SIDS did not show an impaired 
ability to modify RT intervals in response 
to change in heart rate. 


In our previous prospective studies of 
electrocardiograms from infants who died of 
sudden infant death syndrome (SIDS) we did 
not find any predictive lengthening of the QT 
interval.'* The purpose of this present 
analysis was to evaluate the response of the 
QT interval to variations in heart rate. We 
hypothesised that a defect in this response 
might indicate a vulnerability to dangerous 
ventricular arrhythmias. A similar analysis has 
been reported by Sadeh et al’ of 24 hour 
electrocardiographic recordings collected by 
us’ from 10 infants who subsequently died 
of SIDS. The ability to shorten their QT 
interval in response to an increasing heart rate 
was reported to be impaired in five of their 10 
cases. As a result of their findings Sadeh et al 
argued that “sudden death in these cases may 
have resulted from defective modulation of 
cardiac repolarisation”.? In contrast our own 


analysis of the same data has produced dif- 
ferent results. In the light of potentially harm- 
ful preventive therapies, we consider it impor- 
tant to describe our own analysis. We then 
discuss the possible reasons for this evident 
conflict between our findings and those of 
Sadeh et al.’ 


Patients and methods 

We analysed segments from ten 24-hour cas- 
sette tape recordings of electrocardiograms 
obtained prospectively on nine full term vic- 
tums of SIDS aged 16-63 days at the time of 
recording (birth weights from 2-35 to 4-79 kg) 
(table 1). Ten similar recordings on 10 surviv- 
ing fullterm controls matched for postnatal 
age (21-75 days) and birth weight (2-64— 
4-00 kg) were similarly studied (table 1). We 
examined the same recordings from SIDS 
cases as Sadeh et al? However, Sadeh et al 
included only data from midnight to 6 am; we 
intentionally used complete data from the 
entire 24 hour period to include daytime and 
night time activity. 

The waveforms in the prospective study 
yielding these data' were obtained from two 
electrodes on the chest wall. The frequency 
content of the resulting signals was 0-5~70 Hz 
after processing through the tape replay sys- 
tem (Oxford Medilog PB2). Details of the 
technique have been previously reported in 
detail.** In brief, electrocardiograms from the 
Medilog recorder together with the simultan- 
eously recorded 60 Hz calibration signals were 





Table Details of recordings and infants 
Age {days} Birth weight (g) Gestation (wk) 
SIDS cases 
16 2780 39 
24* 3770 40 
63* 3770 40 
30 2350 40 
40 3030 40) 
40 3960 4} 
4] 4790 40 
47 40 
52 2810 39 
6I 2980 40 
Controls 
21 3660 42 
36 3700 42 
75 2640 38 
37 3740 38 
39 3690 40 
42 3300 40 
42 3230 39 
42 3956 40 
55 3800 40 
61 4000 38 
tras ae ruses 
*Same infant. 
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Figure 1 An example of two electrocardiographic complexes from one of the controls. 
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played back from an FM tape recorder at real 
time speed (SE Labs 8-4, frequency response 
DC to 625 Hz). Sections of the original tape 
recordings were chosen to cover as wide a 
range of RR intervals as possible in every 
subject. Any fluctuations in the tape speed 
produced by the tape recorders or their tape 
replay system were detected and compensated 
by a specially made correction device. Slowed 
down re-recordings were digitised at approx- 
imately 4 kHz, the sampling rate being depen- 
dent on the frequency of the calibration 
signal. Waveforms were analysed by a micro- 
processor-based computer system. 

Each RR interval was measured from the 
rapidly rising part of the R wave at a level just 
above that of the height of the P wave. We 
obtained: a baseline from which to make 
measurement of ventricular repolarisation 
time (RT interval) by averaging 64 data points 
from the flat portion of the PR interval. The Q 
wave was not included, preference being given 
to the more consistent and sharper R wave 
deflection. Measurements were made (fig 1) of 
the times from the rapidly rising part of the R 
wave to (a) the point of maximum amplitude 
of the T wave (RT a), (b) the point where the 
T wave crossed the baseline value (RT,), (c) 
the point of minimum amplitude of the T 
wave (RT aua) and (d) the point where the T 
wave crosses the baseline again (RT,,,). 
Previous investigations have shown that all 
four measurements vary in similar fashion 
with changes in the RR interval.** The simi- 
larity between the four measurements existed 
over the full range of RR intervals. However, 
these latter studies also showed that the ran- 
dom variations in the RT, intervals were 
much reduced compared with those of the 
remaining three measurements. The RT, 
interval also had the advantage of being less 
affected by those electrocardiographic waves 
that were so short that the P wave was mixed 
in with the end of the T wave. 

The small size of the QR interval and the 
close relation between changes in the preceding 
RR intervals and both RT, and RT „a indicated 
that a good estimate of the relation between QT 
and RR intervals could be obtained by assum- 
ing that QT interval duration is directly 
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proportional to RT,. (Linear regression 
analysis was used to fit equations to plots of 
RT. against RR and plots of RT, against RR 
from data obtained in the previously reported 
study.*° The mean (SEM) slopes and inter- 
cepts respectively were 0-35 (0-03) and 57 
(12) ms for RT, against RR and 0-37 (0-03) and 
70 (12) ms for RT a against RR). 

If it is assumed that RT, and QT are directly 
proportional the following equation can be 
written: 

log. (RT, = blog, (RR) + k equation 1 


where k is the intercept and where b 1s a 
constant that relates the RT, to the RR accord- 
ing to a power law. 

From each 24 hour tape recording of SIDS 
cases and controls, a technician who did not 
know whether the data originated froma SIDS 
case or a control selected 8-10 segments using 
the data collected in the earlier study.*’ Each 
segment consisted of 63 consecutive cardiac 
cycles with a high signal to noise ratio. The 
number of segments was chosen to ensure 
statistical significance for each measurement of 
b and k. The number of cardiac cycles per 
segment (63) was chosen to match the program 
within the eight-bit microprocessor and was 
consistently large enough to include several 
short-term cycles in heart rate variability. The 
segments from each infant, whether a control 
or SIDS case, were chosen so as to provide as 
wide and evenly spaced a range of RR intervals 
as possible. The computer data were in the 
form of approximately 1000 numerical tables, 
each table consisting of 63 pairs of consecutive 
RR and RT, values. Only those tables that 
showed no trace of artefact (low noise) when 
observed on an oscilloscope as they were being 
loaded into the computer were selected by the 
independent technician. 

The RR interval range for each of the 
segments of 63 heart beats in the controls 
varied from 14 to 288 ms; that is, in one 
segment the RR interval varied by only 14 ms 
over the 63 beats while at the other extreme the 
RR interval varied by 288 ms over the 63 beats. 
The overall range for the SIDS cases varied 
from 8 to 294 ms. 

Correlation coefficients and values of b were 
obtained by fitting equation 1 to the RT, values 
and their corresponding RR values by linear 
regression analysis for both SIDS cases and 
controls (fig 2A, B, and C). These values of b 
were also plotted against the individual ranges 
of RR intervals within each 63 beat segment for 
all recordings in both controls and SIDS cases 
(fig 3). Time series plots of successive RR and 
RT, intervals were then obtained for each 63 
beat segment analysed. 


Results 

The mean (2 SEM) value of b for the SIDS 
cases was 0-20 (0-02) when all 10 SIDS record- 
ings were used and 0-19 (0-03) when analysis 
was limited to the later of two recordings on one 
of the SIDS cases. For the surviving controls 
the mean value of b was 0-20 (0-03). The time 
series plots of RR and RT, intervals behaved in 
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such a similar fashion for both controls and 
SIDS cases that they could not be distingui- 
‘shed by statistical analysis. Periodicities of 
varying amplitude and correlation were fre- 
quently seen in the different segments from each 
infant, irrespective of whether they were vic- 
tims or controls. Figure 2A shows the data for 
the nine cases of SIDS (10 recordings) and 10 
controls, constructed by plotting the mean RR 
interval for all segments on each infant against 
the mean value of b for the same segments. The 
numbers set against the SIDS patients indicate 
those infants in whom heart rate’ and heart rate 
variability® were measured in earlier studies. 
Figure 2A clearly shows that it is not possible to 
distinguish SIDS cases from their controls by 
the value of b. The range of the mean values of 
b in both SIDS cases and controls is 0-11 to 
0-25. 

Figure 2B shows the variability in terms of 
standard deviation from the mean for the values 
of both b and RR intervals for all recorded 
segments from infants dying suddenly. Values 
in the controls were virtually identical (fig 2C). 

Figure 3 shows the mean values of b for both 
SIDS cases and controls plotted against the 
mean RR interval ranges. The mean value of b 
for the RR range of 212 ms is the mean of seven 
points. All the other mean values have been 
calculated by grouping the values of b and their 
respective RR ranges into sets of at least 10. 
‘There was no significant difference between the 
SIDS group and the controls in this graph. As 
the range of RR intervals increased the value of 
b fell. 

Cyclical behaviour in the relation between 
RT and RR intervals was as common in the 
controls as in the SIDS cases. 


Wynn, Southall 





Figure 2 (A) Mean RR intervals plotted against the 
mean slope (b) for each of the 10 controls and 10 
recordings from SIDS cases. Two of the recordings are 
from the same SIDS case. The numbers next to each 
value for the SIDS cases show those who were described 
in the papers by Wilson et al’ and Southall et af. 

(B) Horizontal and vertical lines (each 1 SD from the 
mean) indicate the variations tn b and RR interval values 
obtained from the 8-10 segments measured on each SIDS 
patients recording. (C) Hortzontal and vertical lines 
(each 1 SD from the mean) tndicate the variations in 

b and RR interval values obtained from the 8-10 
segments measured on each recording tn the controls. 


Discussion 

Prospective identification of infants at risk of 
sudden death is a desirable objective on which 
to base preventive care. However, incorrect 
predictors may prompt harmful intervention, 
especially if cardioactive treatment is being 
considered. This is why the results presented 
by Sadeh et al, with their implications concer- 
ning prediction, must be confirmed or rejected. 
Unfortunately, only one prospective data base 
is available on, which these results can be 
checked and that is the original 24 hour 
electrocardiograms obtained by our group.’ 
Sadeh et al’s report was published before we 
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Figure 3 Plot of mean values of b for both SIDS cases 
and controls against the mean RR interval ranges. The 
value of b at the RR interval range of 212 ms ts the mean 
of seven points. All of the other mean values were 


calculated by grou the values of b and their respective 
RR ranges into sets of at least 10. The horizontal and 
vertical lines are SEMs. 


Normal cardiac repolarisation in sudden infant death syndrome 


had completed an analysis of our data with 
exacting attention to several technical and 
mathematical artefacts that could easily in- 
validate conclusions about the association bet- 
ween ventricular electrical activity and the 
incidence of sudden infant death. This analysis 
is now complete and unlike Sadeh et al we 
found no consistent differences between SIDS 
cases and controls. 

The analysis in this paper differs from that 
carried out previously by our group.*® Earlier 
work was based on mean values of the intervals 
in the electrocardiogram obtained by simply 
averaging over 63 consecutive heart beats. In 
the present study we undertook the more 
difficult investigation of the relation between 
individual RT ventricular repolarisation times 
and each preceding RR interval (fig 1). 

This analysis of the time-series relation bet- 
ween RT and RR intervals did not show any 
difference between recordings from SIDS 
infants and their ‘surviving controls. These 
results do not, therefore, support the hypoth- 
esis that a disordered relation, as measured 
from the surface electrocardiogram, between 
ventricular repolarisation time and heart rate 
influences subsequent sudden unexplained 
infant death. Moreover, within each infant’s 
recording, whether they were SIDS cases or 
controls, some segments were found to show a 
strong cyclical correlation between RT and RR 
intervals while others showed no such relation. 
Sadeh et al inferred that unlike SIDS cases the 
controls always showed this strong correlation. 

The spread of values for the constant b 
(which relates by linear regression the log of 
each RT interval to the log of its preceding RR 
interval) in both controls and SIDS cases in 
this present study was less (0:11-0:25) and the 
mean value of b for controls was greater (0-20) 
than values found by Sadeh et al? (their range 
was ()-05-0:25, and their mean for controls was 
0-13). These present findings, however, do 
accord with those of Sadeh et al? in suggesting 
that Bazett’s formula? (where b = 0:50) 
provides an inappropriate method for correct- 
ing the QT interval for heart rate in this age 
group. 

The following differences between SIDS 
cases and controls were reported by Sadeh et 
al.’ Firstly, according to the equation QT = 
C(RR)°, their mean (1 SD) values for b were 
0-096 (0-032) in the SIDS cases and 0-134 
(0-043) in controls (p < 0-02). Secondly, their 
illustrated time series of QT intervals plotted 
against the immediately preceding RR inter- 
vals from 500 consecutive heart beats showed, 
in a single control recording, highly correlated 
cyclical variations in both intervals. There was 
a much smaller correlation in a similar plot 
from a single time series from a SIDS case. 
Presumably these two plots were included to 
lend weight to differences that they concluded 
existed between the controls and five of the 
SIDS subjects. Finally, in their plot of b 
against mean RR intervals for each segment of 
the recording analysed for the 10 SIDS cases 
and 29 controls, five of the 10 sudden death 
values for b fell outside the 95% confidence 
interval for the controls. 
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There are several possible explanations for 
the differences between our results and those of 
Sadeh et al.’ Firstly, to “improve the reliability 
of their statistical comparisons” Sadeh et al?’ 
selected their segments on the basis that the RR 
intervals within each segment varied by more 
than 100 ms. As shown in fig 3, this could result 
in lower values of b. If values of b in this 
present report are limited to those segments 
where the RR interval range is > 100 ms (> 45 
sets of points), mean (2 SEM) values of b are 
0:16 (0-03) for controls and 0:17 (0-02) for 
SIDS cases. These values are reasonably close 
to the control measurements of Sadeh et al? 
(0-13 (0-04) (SD)). The small remaining differ- 


ence between the control values of b is possibly 


a result of the two different methods by which 
each study chose to compensate for the diff- 
culties in estimating the end of ventricular 
repolarisation. A second possible explanation 
for the different results is the high pass (10 Hz 
cut-off) filter used by Sadeh et al’ before the 
measurement of QT and RR intervals. This 
filter produces a phase difference between input 
and output signals which decreases as the 
frequency components of the input signal in- 
crease. Therefore, with higher heart rates con- 
taining correspondingly higher frequencies, 
there would be a smalier timing error between 
the true QT and their measured QT interval. 
This would result in the changes in duration of 
the QT interval appearing to be smaller in 
response to changes in RR interval at the higher 
heart rates. For this reason we did not use a 
highpass filter but rather a high quality fre- 
quency modulated tape copy directly from the 
original 24 hour cassette recordings. Contrary 
to the statement made by Sadeh er al? the 
frequency response of the signals after replay 
through the Oxford Medilog PB2 system is 
0-5-70 Hz not 10-100 Hz. Nevertheless, as 
previously reported by us,' the frequency re- 
sponse of the original cassette tape recording 
system is not ideal for low frequency signals 
such as the T wave (diagnostic electrocardio- 
gram recordings have bandwidths from 0:05 to 
100 Hz). 

A third reason for the discrepancy between 
these present results and those of Sadeh et al? 
concerns the comparability of heart rates 
analysed in the SIDS cases and their controls. 
Figure 5 of their study showed that the five 
recordings from SIDS cases that showed the 
lowest values for b also had higher average 
heart rates than controls. In the present study 
we compensated for the significantly higher 
heart rates previously reported to be present in 
these particular recordings from SIDS cases’ ° 
by selecting segments in both controls and 
SIDS cases where the range of heart rates was 
as wide as possible (for example, by including 
data from the whole 24 hour period) and by 
matching our controls for birth weight and 
postnatal age. 

Sadeh et al reported a linear relation “‘sig- 
nificantly different from zero at P = 0-0002” for 
their plot of mean RR intervals against mean 
values of b in their control group.’ In our 
analysis no such linear relation was seen bet- 
ween mean b and mean RR for our controls (see 
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fig 2A), thus supporting our use of a power 
equation. It is difficult to understand how 
Sadeh et al? can reconcile their findings of a 
linear relation and continue to use the original 
power law equation where b is assumed to be 
constant with respect to RR. 

In conclusion, as in our earlier reports,'? 
found no evidence to support the hypothesis 
that a defect in ventricular repolarisation time 
or its relation to heart rate are predictive for 
sudden and unexplained infant deaths. We can 
rule out neither the unlikely possibility that a 
serious repolarisation abnormality was present 
that could not be detected by surface electro- 
cardiogram nor the possibility that a sub- 
sequent defect in repolarisation developed 
closer to the time of death. 


We thank Mrs Joyce Lamb for her help in preparing these data 
for analysis, Dr A J Wilson for his early suggestions on apparel 
heart rate effects on QT intervals resulting from the i 

phase response of high pass filters, and to Dr W New and 
Professor R H Anderson for their expert advice on this paper. 
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Atrial myxoma: a tumour in search of its origins 


D M Krikler, J Rode, M J Davies, N Woolf, Eileen Moss 


Abstract 

Objective—To determine whether 
atrial myxomas express antigens sugges- 
ting a neural origin. 

Design—A retrospective analysis 
based on immunohistochemical examin- 
ation of myxoma tissue. 

Setting—Atrial myxomas excised by 
two tertiary referral cardiothoracic sur- 
gical units. 

Subjects—24 excised atrial myxomas. 
Three were from known cases of familial 
myxoma syndrome. 

Methods—iImmunohistochemical iden- 
tifications of three neuroendocrine mark-~ 
ers (protein gene product (PGP) 9-5, 
neurone specific enolase (NSE), synapto- 
physin) and $100 antigen; CD34 and von 
Willebrand factor; and z smooth muscle 
actin to identify possible Schwann cell 
differentiation, endothelial cells, and 
smooth muscle cells respectively. 

Results—The myxoma cells were PGP 
9:5 positive in 18, $100 positive in 16, and 
NSE positive in 12. Of the 12 NSE 
positive myxomas seven were synapto- 
physin positive. All tumours that were 
NSE positive were also S100 and PGP 9-5 
positive. The tumour surface was par- 
tially covered by myxoma cells, partly 
by endothelial cells. 

Conclusion—The histological appear- 
ances of myxomas with stellate cells 
embedded within a loose connective tis- 
sue stroma, abundant basophil cell infil- 
tration, and the presence of pericellular 
type IV collagen are similar to nerve 
sheath tumours (neurofibromas) at other 
sites. A significant proportion of myx- 
omas also express Schwann cell and 
neuroendocrine differentiation markers. 
These features cannot prove the origin of 
myxomas because tumours may develop 
aberrant phenotype expression but they 
do accord with the view that myxomas 
originate from endocardial sensory 
nerve tissue. 


Atrial myxomas arouse considerable clinical 
interest, their protean presenting features 
being described in numerous case reports. 
The chromosomal characteristics of atrial 
myxomas suggest that they are neoplasms 
rather than simply organised thrombi’ but 
their exact origin is controversial. 

The morphological features of myxomas are 
highly characteristic but not immediately 


reminiscent of tumours in other tissues or 
organs. Myxomas project into the atrial cavity 
and have a stalk or base incorporated into the 
endocardium. The lesion can be peeled away 
from the underlying myocardium from which 
there is no obvious evidence of an origin. The 
tumour consists of a myxoid stroma in which 
are embedded single stellate cells in addition 
to larger clumps of similar cells often arranged 
as a collar around open spaces. Types I and 
II collagen are present in small amounts only 
but there is a diffuse reticular stroma with fine 
collagen fibrils on which iron encrustation 
often occurs. Type IV collagen is present 
around clumps of myxoma cells. The stroma 
is very rich in connective tissue mucins and 
contains large numbers of plasma and mast 
cells. The stromal stellate cells are regarded as 
the essential neoplastic element; one view is 
that they originate in an undifferentiated 
endocardial connective tissue cell. Nests of 
such cells around the rim of the fossa ovalis? 
would explain the predilection of myxomas 
for this site. This view takes little account 
either of the histological structure of the 
tumour or of some interesting clinical correla- 
tions. One of us (DK) spotted one report of a 
myxoma that produced vasointestinal pep- 
tide, and another that familial atrial myxomas 
were associated with lentiginosis, cutaneous 
neurofibromas, blue naevi and phaeochro- 
myocytomas as well as endocrine tumours in 
the pituitary and testes.‘ These associations 
prompted DK to question whether atrial 
myxomas have a potential to produce tumours 
with neuroendocrine differentiation also 
whether they have affinity with neurofibromas. 

Immunohistochemical techniques can be 
used to identify specific antigens expressed on 
tumour cells within the tissue and to define 
phenotypic expression. We have used markers 
for neural and neuroendocrine differentiation 
to study a series of myxomas. 


Materials and methods 
Twenty four atrial myxomas were studied; 
three of these were known to be familial. The 
following primary antibodies were used on 
paraffin embedded sections after tissue fixation 
in formol saline: protein gene product 9-5 
(Ultraclone), neurone specific enolase (ICN 
Biomedicals), S100 (Dakopaths), synapto- 
physin 38 (Boehringer), von Willebrand factor 
(Dakopaths), CD34 (Q BEND/10 Serotec), 
and « smooth muscle actin (Sigma). 

Where single antibody staining was used 
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Figure 1 Haematoxylin 
and eosin stained sections 
of atrial myxoma. (A) 
Small clumps and single 
myxoma cells embedded in 
an amorphous stroma that 
is partly stained blue 
(basophilia) and partly 
pink (eosinophilia). (B) 
A vascular space 
containing red cells 
surrounded by a mantle of 
myxoma cells. 


Figure 2 Endothelial 
cells stained red are 

sittve for von 

tllebrand factor. (A) 
The surrounding mantle of 
myxoma cells are stained 
deep brown indicating the 
presence of PGP 9-5. (B) 
Many isolated myxoma 
cells within the stroma are 
positive (brown) for 
neurone specific enolase. 
There 1s also some 
clustering of positive 
myxoma cells around 
endothelial cells (statned 
red) although no vascular 
lumen 1s apparent. 








the alkaline phosphatase and monoclonal 
antialkaline phosphatase (APAAP) technique’ 
was used to identify specific binding. In 
double antibody studies the first antigen was 
visualised by the immunoperoxidase ABC 
method and the second antibody by the 
APAAP method. Positive (known positive 
tissues—that is, islet cell tumours) and 
negative (omission of primary antibody) con- 
trols were included in each staining run. 

PGP 9-5 (molecular weight 27000) is a 
soluble protein extracted originally from brain 
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tissue® and present in neurones, nerve axons, 
and neuroendocrine cell types in normal tis- 
sues. Neurone specific enolase’? is a separate 
cytoplasmic soluble protein found in axons. 
S100 protein is found in both Schwann cells 
and melanocytes in normal human tissue.’ 
Synoptophysin is a glycoprotein isolated from 
presynaptic vesicles of bovine neurones and is 
found in all neurones, the adrenal medulla, 
and in various neuroendocrine tumours 
including islet cell adenomas.’?'' von 
Willebrand factor/VIII complex and CD34 
are present only on endothelial cells. « Actin is 
found within all smooth muscle cells.'* ” 


Results 

All 24 myxomas showed the typical histological 
features of clumps and cords of stellate cells 
with eosinophilic cytoplasm embedded in an 
abundant myxoid stroma (fig 1A). These cells 
designated as lepidic (like a butterfly wing 
scale—one of the more fanciful of pathologists’ 
analogies) also occurred in larger masses arran- 
ged as a loose mantle around a space (fig 1B). 
Immunohistochemical techniques allow recog- 
nition of the spatial organisation of the different 
cell types in myxomas. Endothelial cells iden- 
tified as containing both CD34 and von 
Willebrand factor were confined to the centres 
of clumps of cells and often but not inevitably 
surrounded a space (fig 2A). The external 
surface of the myxomas was only partially 
covered by endothelial cells. Cells staining with 
PGP 9-5, NSE, $100, and synaptophysin were 
not present in all myxomas, but when present 
were confined to the outermost cells of the 
mantle areas and the isolated stromal cells (fig 
2A and B). Eighteen of the 24 myxomas were 
PGP 9-5 positive, 16 were S100 positive, and 12 
were NSE positive. All the myxomas which 
were NSE positive were also $100 and PGP 9-5 
positive. Seven of the 12 NSE positive tumours 
were synaptophysin positive. In cases with 
PGP 9-5 positive cells parts of the surface of the 
myxoma were covered by PGP 9-5 positive 
cells rather than endothelial cells. Three of the 
atrial myxomas were derived from patients 
known to have the familial myxoma syndrome: 
the stromal cells in one were strongly positive 
for PGP 9-5 and NSE whereas in the other two 
they were negative. Smooth muscle cells con- 
taining & actin were found predominantly in the 
base of myxomas where thick walled blood 
vessels entered from the endocardium. Solid 
masses of proliferating smooth muscle not 
obviously related to blood vessels were also 
present. All of the myxomas showed large 
numbers of mast cells and plasma cells within 
the stroma. Macrophages containing haemo- 
siderin were also present in large numbers, 
reflecting the frequency of haemorrhage from 
thin walled vessels within the tumour. The 
stroma showed a biphasic staining pattern with 
routine haematoxylin and eosin histology 
stains. There was marked basophilia of the 
stroma adjacent to clumps of cells while the 
deeper areas were eosinophilic. The latter areas 
contained large amounts of insuded fibrinogen, 
fibronectin, complement, and globulins of 
plasma origin bound to the connective tissue 
mucins. 


Atrial myxoma: a tumour in search of its origins 


Discussion 

The identification of tumour origins by specific 
antigen expression has to be approached with 
caution.“ The phenotypic expression in 
tumours is variable and does not necessarily 
reflect their origin. Endocrine functions and 
expression of neuroendocrine markers that 
seem inappropriate and independent of the 
morphological phenotype of the tumour are 
widely reported in the bowel, ovary, and liver.” 
Nevertheless tumours in which these very 
aberrant expressions are found are usually 
malignant whereas myxomas are not. There is 
also no perfect marker of neuroendocrine dif- 
ferentiation and following the development 
and use of any particular antibody, its limita- 
tions often becomes apparent. For example the 
gamma subunit of NSE is often expressed in 
tumours clearly not of neural origin. PGP 9-5 
is present in a small proportion of atrial 
myocytes, in the renal tubule,” and in some 
smooth muscle cells. $100 is also found in 
adipose cells. Nevertheless, the concordance of 
positive marking of myxoma stromal cells with 
three widely used different neuroendocrine 
markers is presumptive evidence of a neuro- 
endorine differentiation pattern. Expression of 
tumour antigens is always capricious and the 
fact that some myxomas are totally negative 
does not necessarily contradict the conclusion. 

Neurofibromas of other tissues such as the 
skin and subcutaneous soft tissue are his- 
tologically very complex, containing Schwann 
cells, perineural cells, fibroblasts, endothelial 
cells, and occasional axons together with large 
amounts of connective tissue rich in mucins 
and containing pericellular type IV collagen.”™ 
Mast cell infiltration is a regular feature and 
release of vasoactive amines may contribute to 
an increase in vascular permeability flooding 
the stroma with plasma derived proteins. Mast 
cells are also a source of growth factors acting 
on the Schwann cell element.’ All of these 
morphological features including a plasma rich 
myxoid stroma, a heterogeneous cell popula- 
tion, and mast cell infiltration are found in atrial 
myxomas. Morphological similarity between 
two tumour types cannot prove a similar origin 
but again is evidence consistent with myxomas 
being neuroectodermal in origin. The atrial 
endocardium contains many sensory nerves 
that are a potential origin for nerve tumours. 

Given the rather heterogeneous cell popula- 
tion within atrial myxomas it is hardly surpris- 
ing that previous studies of histogenesis by 
electron microscopy have been inconclusive. 
Two studies suggested that several types of 
mature mesenchymal cell were present”” 
while another study regarded the cells as all 
being of a common undifferentiated mesen- 
chymal form.” 

Previous immunohistochemical studies did 
not take sufficient account of the microanatomy 
of the tumour. A briefly held view (when factor 
VILI/VWF antigen was shown”) that myx- 
omas were of endothelial origin was discounted 
when it was realised that only cells in the centre 
of clumps were positive and the myxoma cells 
were negative.** Smooth muscle cells are also 
confined to areas with obvious vascular struc- 
tures.” 

The present study suggests that the myxoma 
surface is partly covered by myxoma cells and 
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partly by endothelium. This observation con- 
firms a previous study of the surface of atrial 
myxomas by scanning microscopy.” 

If indeed atrial myxomas are of neural origin 
the finding makes little difference to clinical 
practice but may explain some of the rarer 
associations with other manifestations such as 
cutaneous lentiginosis. Systemic manifesta- 
tions of myxomas such as fever, hypergamma- 
globulinaemia, and weight loss may be related 
to cytokines released from macrophages or 
mast cells within the myxoma stroma or release 
of peptides from the myxoma cells themselves. 


1 DeWald G, Dahl R, Spurbveck J, Carney J, Gordon H. 
Chromosomally abnormal clones and nonrandom 
telomeric translocations in cardiac myxomas. Mayo Clin 
Proc 1987;62:558-67. 

Wold L, Lie J. Cardiac myxomas. A clinicopathologic 
profile. Am J Pathol 1980;101:219-34. 

3 Harrison L, Said S, Ezekowitz M, Krous H. Vasoactive 
intestinal polypeptide in cardiac myxoma. J Thorac 
Cardiovasc Surg 1985;79:341-~7. 

Vidailiet HJ Jr, Seward JB, Fyke FE HI, Su WPD, Tajik AJ. 
“Syndrome myxoma”: a subset of patients with cardiac 
myxoma associated with pigmented skin lesions and 
peripheral and endocrine neoplasms. Br Heart J 1987; 
§7:247-55. 

Cordell J, Falini B, Erber W. Immunoenzymatic labelling of 
monoclonal antibodies using immune complexes of 
alkaline phosphatase and monoclonal antialkaline 
phosphatase (APAAP complexes). J Histochem Cytochem 
1984;32:219-29. 

6 Rode J, Dhillon A, Doran J, Jackson P, Thompson R. PGP 
9.5 a new marker for human neuroendocrine tumours. 
Histopathology 1985;9:147-58. 

7 Schmechel D, Marengos PJ, Brightman M. Neurone- 
specific enolase is a molecular marker for peripheral and 
central neuroendocrine cells. Nature 1978;276:834-6. 

Dhillon A, Rode J, Leatham A. Neurone specific enolase: an 
aid to the diagnosis of melanoma and neuroblastoma. 
Histopathology 1982;6:81--92. 

9 Kahn H, Marks A, Thoma H, Baumal R. Role of antibody to 
S-100 protein in diagnostic pathology. Am J Clin Pathol 
1983;79:341-7, 

10 Gould V, Lee I, Wiedenmann B, Moll R, Chejec G, Franke 
W. A novel marker for neurons, certain neuroendocrine 
cells, and their neoplasms. Hien Pathol 1986;17:979-83. 

11 Chejfec G, Falkmer S, Grimelius L, et al. Synaptophysin. A 
new marker for pancreatic neuroendocrine tumours. Am J 
Surg Pathol 1987;11:241-7. 

12 Sehested M, Hon-Jensen K. Factor VIII related antigen as 
an endothelial cell marker in benign and malignant 
disease. Virchows Archiv [A] 1981;391:217-25. 

13 Skalli O, Ropraz P, Trzeciak A, Benzonana G, Gillessen D, 
Gabbiani G. A monoclonal antibody against alph-smooth 
muscle actin: a new probe for smooth muscle differentia- 
tion. J Cell Biol 1986;103:2787-96. 

14 Gould V. Histogenesis and differentiation: a re-evaluation of 
these concepts as criteria for the classification of umour. 
Hum Pathol 1986;17:212-4. 

15 Wang J, Dhillon A, Sankey E, Wightman A, Lewin J, 
Scheuer P. Neuroendocrine differentiation in primary 
neoplasms of the liver. J Pathol 1991;163:61-67. 

16 Schmechel DE. y subunit of the glycolytic enzyme enolase: 
nonspecificor neuron-specific? Lab Invest 1985;52:239-42. 

17 Wilson P, Barber P, Hamid Q, er al. The immunolocalization 
of protein gene product 9-5 using rabbit polyclonal and 
mouse monoclonal antibodies. Br J Exp Pathol 1988; 
69:91-104. 

18 Peltonen J, Jaakkola S, Lebwohl M, et al, Cellular differentia- 
tion and expreasion of matrix in Type 1 neuro- 
fibromatosis. Lab Invest 1988;59:760-71. 

19 Riccardi V. Mast-cell stabilization to decrease neurofibroma 
growth. Preliminary ience with Ketotifen. Arch 
Dermatol 1987;123:1011-6, 

20 Stein A, Mauro J, Thibodeau L, Alley R. The histogenesis of 
cardiac myxomias: relation to other proliferative diseases of 
subendothelial vasoformative reserve cells. Pathol Annu 
1969;4:293-312. 

21 Ferrans V, Roberts W. Structural features of cardiac 
myxomas: histology, histochemistry and electron micro- 
scopy. Hum Pathol 19733;4:111-46. 

22 Feldman P, Horvarth E, Kovacs K. An ultrastructural study 
of seven cardiac myxomas. Cancer 1977;40:2216-32. 

23 Morales A, Fine G, Castro A, Nadgi M. Cardiac myxomas 
(endocardioma): an rmmunohistochemical assessment of 
histogenesis. Hurm Pathol 1981312:896-9. 

24 Boxer M. Cardiac myxoma: an immunoperoxidase study of 
histogenesis. Histopathology 1984;8:861-72. 

25 McComb R. Heterogeneous expression of factor VIII/von 
Willebrand factor by cardiac myxoma cells. Am J Surg 
Pathol 1984;8:539-44. 

26 Landon G, Ordonez N, Guarda L. Atrial myxomas: an 
immunohistochemical study using endothelial, histio- 

ic, and smooth-muscle cell markers. Arch Pathol Lab 
Med 1986;110:116-20. 

27 Zhang P-F, Jones J, Anderson W. Cardiac myxomas 
correlative atudy by light, transmission, and scanning 
electron microscopy. Am J Cardiovasc Pathol 1989;2: 
295~300. 


nN 


> 


Wn 


co 


St Mary’s Hospital, 
London 


Unit of Metabolic 
Medicine, St Mary’s 
Hospital, London 

S A Beshyah 

P S Sharp 

D G Johnston 
Correspondence to 

Dr Manjit Shahi, Clinical 
St Mary’s Hospital, Praed 
Street, London W2 INY. 
Accepted for publication 
30 August 1991 


Br Heart J 1992;67:92—6 


Myocardial dysfunction in treated adult 
hypopituitarism: a possible explanation for 
increased cardiovascular mortality 


Manjit Shahi, Salem A Beshyah, David Hackett, Patrick S Sharp, Desmond G Johnston, 


Rodney A Foale 


Abstract 

Objective—To assess cardiac structure 
and function in patients with treated 
hypopituitarism and to determine their 
relation to the degree of growth hormone 
deficiency and body composition pattern. 

Design—26 patients with treated 
hypopituitarism were studied by cross 
sectional and Doppler echocardiography 
and by exercise testing. The results were 
analysed and their relation to the degree 
of growth hormone deficiency and body 
composition determined. 

Setting--All tests were performed in 
the department of cardiology and the unit 
of metabolic medicine at a tertiary 
referral centre. 

Patients—Patients with hypopituitar- 
ism referred for endocrine assessment. 

Main outcome measures—Left ven- 
tricular mass, left ventricular diastolic 
function, and exercise capacity in 
patients with hypopituitarism and their 
relation to growth hormone deficiency. 

Results—Mean (SD) serum concentra- 
tion of insulin-like growth factor 1 
(IGE-1), a measure of growth hormone 
deficiency, was 82°4 (45) ne/l. Lean body 
mass calculated by measuring total body 
potassium was 50 (9) kg. All patients had 
a normal left ventricular mass index and 
a normal left ventricular ejection frac- 
tion. Eight patients had abnormal left 
ventricular diastolic function. There was 
a significant correlation between IGF-1 
and left ventricular mass (r = 0°45, p < 
0:02). Lean body mass was also signifi- 
cantly correlated with left ventricular 
mass (r = 0°78, p < 0°0001) and left ven- 
tricular diastolic function (r = —0-63, 
p < 001). The mean exercise duration 
was 8°6 (3°6) minutes. There was a sig- 
nificant correlation between serum IGF-1 
and the rate-pressure product on exercise 
(r = 0°47, p < 0-01). Seven patients had 
planar ST segment depression > 0:1 mV 
during exercise testing. In five of these 
patients there was rapid resolution of ST 
segment depression immediately after 
exercise. Two patients developed con- 
siderable ST segment depression, and 
subsequent coronary angiography 
showed normal coronary arteries. Exer- 
cise-induced ST segment depression was 
not related to the severity or duration of 
growth hormone deficiency or serum 
cholesterol concentration. 

Conclusions—This study suggests that 


‘adulthood have 


left ventricular mass and the rate- 
pressure product are related to the 
degree of growth hormone deficiency, that 
left ventricular diastolic dysfunction is 
frequently seen in hypopituitarism, and 
that these patients may have ischaemic- 
like ST segment changes during exercise 
testing. These findings may explain the 
increased cardiovascular mortality in 
patients with hypopituitarism and may 
also have implications for growth hor- 
mone replacement therapy in adults. 


Patients who develop hypopituitarism in 
conventionally received 
replacement therapy with thyroxine, cortisone, 
and sex hormones but not growth hormone. 
This has in part been because of the limited 
availability of growth hormone and the belief 
that growth hormone has no important action 
once final linear growth has been achieved.’ 
However, growth hormone has now been made 
available in essentially unlimited amounts and 
in a pure synthetic form by genetic engineering 
techniques. Also, recent evidence has sugges- 
ted that the increased cardiovascular mortality, 
in particular a high incidence of myocardial 
infarction and heart failure, seen in patients 
with treated hypopituitarism may be due to 
growth hormone deficiency.* 

Growth hormone is known to be a potent 
agent affecting anabolism and lipolysis. Adults 
with growth hormone deficiency are known to 
have an altered body composition with excess 
body fat and decreased lean body mass.’ This 
form of change in body composition has been 
previously shown to be associated with an 
increased risk of cardiovascular disease in 
symptom free individuals.** In addition, 
growth hormone seems to be important in the 
regulation of plasma lipids, with deficiency of 
growth hormone often causing hypercholes- 
terolaemia.°’ 

The aim of the present study was to assess 
cardiac structure and function in patients with 
treated hypopituitarism and to determine their 
relation to the degree of growth hormone 
deficiency and body composition pattern. 


Patients and methods 

PATIENTS 

Patients recruited into the study had docu- 
mented hypopituitarism mostly resulting from 
pituitary or parapituitary tumours treated sur- 
gically, with radiotherapy, or with both. All 


Myocardial dysfunction in treated adult hypopituitarism : a possible explanation for increased cardiovascular mortality 


Figure 1 


Cross sectional technique for the determination of left ventricular mass. 


had been on hormonal replacement therapy 
with thyroxine and adrenal and sex steroids, if 
appropriate, for at least one year. Optimal 
substitution with thyroxine and adrenal 
steroids were defined as a total serum thyroxine 
(T4) within the normal reference range and at 
least one plasma cortisol value > 350 nmol/l 
during the day. In addition, all patients were 
severely deficient in growth hormone, defined as 
a growth hormone response of < 5 mU/l 
during an insulin induced hypoglycaemia test 
(serum glucose < 2-2 mmol/l) or, if hypo- 
glycaemia was contraindicated, a growth hor- 
mone response of < 5 mU/I in response to 
50 ug oral clonidine. No patient had previously 
received growth hormone replacement. 


METABOLIC ASSESSMENT 

Lean body mass was calculated from total body 
potassium” which was measured in a whole- 
body potassium-40 counter (MRC Cyclotron 
Unit, Hammersmith Hospital). Serum insulin- 
like growth hormone factor (IGF-1), a measure 
of growth hormone deficiency, was measured 
by radioimmunoassay.” The mean value of 
IGF-1 in our laboratory in 40 healthy volun- 
teers was 215 (40) ug/l. 


ECHOCARDIOGRAPHY 

Each patient was examined in the left lateral 
supine position by cross sectional and Doppler 
echocardiography with a phased array sector 
scanner (General Electric Pass 11, 35 MHz 
transducer) in a standardised examination 
protocol.” Left ventricular septal and posterior 
wall thickness, and cavity dimensions were 
measured from the parasternal left ventricular 
short axis projections at the chordae and 
papillary muscle junction by cross sectionally 


a 





(A) Apical four chamber view, (B) length of left ventricle from mitral annulus to 
epicardial and endocardial borders, (C) parasternal short axis view, ( D) epicardial 
and endocardial areas measured by planimetry. See text for method of calculation. 


guided M mode echocardiography. Left ven 
tricular mass was determined by an area 
length method which has been previously been 
validated in humans'' with all measurements 
taken at end diastole and at end expiration 
Two echocardiographic views are required to 
make this calculation: a parasternal short axis 
view of the left ventricle at the papillary muscle 
tip level to determine the area of the myo- 
cardium and an apical four chamber view that 
maximises the distance from the mitral valve 
annulus to the left ventricular apex to deter 
mine the length of the ventricle (fig 1). The 
following formula was used to calculate left 
ventricular mass: LV mass = 1:04(5/6A,x! 
5/6 A,xl,) where A, and A, represent the 
epicardial and endocardial areas respectively 
(measured by planimetry) and |, and l, rep 
resent the length of the left ventricle from mital 
annulus to epicardial and endocardial borders 
respectively. Left ventricular mass index was 
determined by dividing the left ventricular 
mass by the patient’s body surface area (S 
M°*? x H” x 7184, where S = body 
surface area (cm*), M = body mass (kg), and 


H = height (cm)). 


DOPPLER STUDIES 

Pulsed Doppler examination of transmitral flow 
was recorded from the apical four chamber 
view with reference to the cross sectional 
echocardiographic image. The sample volume 
was positioned between the mitral annulus and 
the tips of the mitral leaflets with the position 
adjusted to maintain the sample volume at an 
angle as near parallel to transmitral flow as 
possible by using the audible signal and spec- 
tral velocity display. When the maximum 
transmitral velocity for the early filling wave 
was detected, we recorded the velocity profile at 
50 mm/s with the patient in passive end expira 
tion. The peak flow velocities of the early and 
atrial waves were measured from the three 
consecutive cardiac cycles that showed the 
highest measurable velocity profiles. 

The isovolumic relaxation time (IVRT) was 
measured from the apical five chamber view by 
placing the continuous wave Doppler beam 
between the mitral and aortic valve junction 
The interval between the end of the aortic 
velocity envelope and the onset of the early 
filling wave was taken to represent the 1s0- 
volumic relaxation time. Abnormal left ven 
tricular diastolic function was defined as 


follows: IVRT > 82 ms and E/A ratio < 1°5 
between the ages of 20 and 29; IVRT > 92 ms 
and E/A ratio < 1-4 between the ages of 30 and 
49: IVRT > 100 ms and E/A ratio < O08 


between the ages of 50 and 59.’ 


EXERCISE ASSESSMENT 

Symptom-limited, graded multistage treadmill 
exercise testing according to Bruce’s standard 
protocol’* was performed by all patients in a 
temperature and humidity controlled environ 
ment with standard safety precautions. Heart 
rate and blood pressure were measured at the 
end of each stage of the protocol and exercise 
was stopped by symptoms such as leg weak 
ness, shortness of breath, or exhaustion. Data 


Table 1 Patient detatls 
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Age BMI DOH Cholesterol Triglyceride ; Replacement* 
Patient Sex (yr) (keim) (yr) (mmoljlj {mmoljl) Diagnosis therapy 
i M 34 26-6 15 8-67 20 Cushing’s A, B,C 
2 M 59 ' 262 28 7-78 3-1 CP -A,B,C,D 
3 M 47 28-2 5 9-02 3-4 CP A, B,C, D 
4 M 64 25:0 9 6-09 1-2 Prolactinoma A, B,C 
5 M 59 25:7 9 7-94 1-3 Prolactinoma A,C 
6 M 52 26-0 3 5-92 3-9 Cushing’s A,B 
7 M 27 19-4 6 7-41 1-2 Pinealoma A, B, C 
8 M 45 29-9 3 6-09 1-7 NFA A, B, C 
9 M 59 29-5 20 5-37 0-9 NFA A, B, C 
10 M 50 33-8 6 3-35 1-0 Prolactinoma B,C 
11 M 44. 32-4 4 8-64 1-1 NFA A 
12 M ål 335 2 4-93 1-1 Prolactinoma C 
13 M 63 33-9 1 9-37 1:2 NFA A, B, C 
14 F 53 25-1 21 10-0 1-9 CP A, B, D 
15 F 59 27-5 15 10-0 1-9 NFA A, B, E 
16 F 57 29°7 aa | 5-72 0-6 NFA A,B 
17 F 47 29-1 16 7-63 1-7 Cushing’s å, B 
18 F 26 21:8 3 as CP D P, D,E 
19 F 38 - 30-5 3 . 0 8 ; 
20 F 41 32:1 6 4-67 13 aie ale A, B,D 
21 F 44 31-1 3 9-00 9-2 Prolactinoma A, B, D, E 
22 F 53 26-3 6 5-60 1-1 Meningioma A,B 
23 F 49 235 4 7-60 1-9 NFA A, B, D 
24 F 43 32:7 3 6-28 1-8 Prolactinoma D 
25 F 27 265 4 5-20 1-3 CP D 
26 F 4l 19-9 3 6-64 0-7 NFA B 


BMI, body mass index; DOH, duration of hypopituitarism; CP, craniopharyngeoma; NFA, non-functioning adenoma. 
*A, thyroxine; B, adrenal steroids; C, testosterone; D, desmopressin; E, ocstrogen/progesterone. 


from the exercise tests were analysed by com- 
puter assisted methods to give exercise time, 
workload, heart rate x systolic blood pressure 
product at peak exercise, and extent of electro- 
cardiographic ST segment change. The level of 
the ST segment 0-08 s after the J point was 
measured in each lead using an average beat 
every one minute and only planar ST segment 
depression > 0-1 mV was considered to be 
abnormal. ST segment depression found by 
the average beat analysis was confirmed on 
the actual electrocardiogram by manual 
measurement. 


Results 

PATIENT CHARACTERISTICS 

Twenty six patients (13 men and 13 women) 
with confirmed hypopituitarism were recruited 
into the study during the period December 
1989-January 1991. All patients attended the 
endocrinology clinic in our hospital. The mean 
(SD) age was 46 (11) years (range 26-64 years). 
Table 1 shows the primary diagnosis, duration 
of hypopituitarism, duration of hormone re- 
placement therapy, and other patient details. 
The lean body mass and body fat were 50 (9) kg 
(range 38-64 kg) and 30 (11) kg (range 11- 
95 kg) respectively. The degree of growth 
hormone deficiency, assessed by serum concen- 
tration of insulin-like growth factor (IGF-1) 
was 82 (45) ug/l (range 21-221 ug/l). There 
was a significant positive correlation between 
IGF-1 and lean body mass in our patients (r = 
0-5; p < 0-01). No patient had a previous 
history of ischaemic heart disease, peripheral 
vascular disease, or hypertension except for one 
patient with Cushing’s disease (patient 6) 
whose blood pressure had been raised before 
his pituitary tumour was removed but then 
returned to normal after the operation. 


ECHOCARDIOGRAPHIC AND DOPPLER 
CHARACTERISTICS 
All patients had a normal left ventricular ejec- 


tion fraction (67 (8)%) and a normal left 
ventricular mass index (men 101 (17) g/m? 
range 76-132 g/m’; women 84 (20) g/m? range 
56-119 g/m’) but the distribution was skewed 
towards the lower end of the normal range 
(skew 0-25). Patients who had Cushing’s dis- 
ease did not have higher left ventricular mass 
indexes. Table 2 shows the other echocardio- 
graphic and Doppler characteristics. Com- 
pared with the age related reference values 
established by previous investigators,” “ 
thirteen patients (50%) had an abnormally 
prolonged isovolumic relaxation time (112 
(15) ms) and eight (31%) had both an increased 
isovolumic relaxation time (103 (8) ms) and 
evidence of abnormal left ventricular filling 
(E/A ratio 1-06 (0-25) table 3). There was 
Significant correlation between left ventricular 
mass and serum IGF-1 (r = 0-45; p < 0-02). 
Left ventricular mass and left ventricular filling 
were related to lean body mass (r = 0-78 p < 
0-0001; r = —0-63 p < 0-001) (figure 2A—C). 
‘There was no relation between left ventricular 
mass and duration of hypopituitarism. 


EXERCISE ASSESSMENTS 

‘The mean exercise duration during the Bruce 
protocol was 8-6 (3-6) minutes. The exercise 
test was terminated because of leg weakness in 
seven patients, by shortness of breath in eight 


Table 2 Echocardiographic and Doppler characteristics 
of study patients 








Variable Mean (SD) Range 

LY septum (cms) 0-85 (0-2) 0-5-1-1 
LV posterior wall (cms) 0-84 (0-2) 0-6-1-1 
LV internal diameter (cms) 4-82 (0-4) 4:1--5-6 
LV mass (male) (g) 212 (49) 138-323 
LV mass (female) (g) 148 (42) 92-231 
IVRT (ms) 103 16) 72-140 

E (cm/s) 64 (13 38-87 

A (cm/s) 55 (10) 36-71 

EJA ratio 1-18 (0-31) 0-74-1-94 


NN aAA 
LY, left ventricle; IVRT, isovolumic relaxation time; E, early 
filling velocity; A, atrial filling velocity. 
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Table 3 Details of patients with abnormal left ventricular diastolic function 





Age Heart IVRT E A Max ST depression 

Patient (yr) rate (ms) (cm/s)  (emjs) B/A on exercise (mV ) 

1 34 70 108 66 48 1-37 None 

3 47 65 96 66 58 1-15 0-22 

7 27 77 92 78 62 1-26 0-13 

8 45 69 111 49 62 0-8 0-19 

9 59 78 108 39 51 0-77 None 
11 44 63 94 72 61 1-17 None 
12 4l 74 112 48 65 0:74 None 
18 26 73 104 75 59 1-25 None 


IVRT, isovolumic relaxation time; E, carly filling velocity; A, atrial filling velocity. 


patients, and by exhaustion in 11 patients. No 
patient developed chest pain during exercise. A 
significant correlation was seen between serum 
IGF-1 and the rate-pressure product (systolic 
blood pressure x heart rate) at peak exercise 
(r 0-47; p < 0-01; fig 2D) but not with 
exercise duration (r = 0-1; p = NS). Baseline 
electrocardiograms were normal in all patients 
except for patients 8 and 15 who had minor ST 
segment abnormalities in the lateral chest 
leads. Seven patients developed planar ST 
segment depression > 0-1 mV during exercise 
testing (maximum ST segment depression in 
these seven patients was 0:18 (0-03) mV). In five 
of these patients the ST segment depression 
occurred at a high workload with immediate 
resolution after exercise. Two patients 
developed ST segment depression after a few 
minutes of exercise with slow resolution during 
the post-exercise period. Subsequent coronary 
angiography showed no abnormality of the 
epicardial coronary arteries. Exercise-induced 
ST segment depression was not related to the 
severity or duration of growth hormone 
deficiency or to serum cholesterol concentra- 
tion. Three of these seven patients also had 
abnormal left ventricular diastolic function. 


Figure 2 (A) Relation 
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Discussion 

The principal findings of this study were firstly 
that in patients with treated hypopituitarism 
but without growth hormone replacement 
therapy the left ventricular mass and maximum 
cardiac work achieved on exercise were inver- 
sely related to the degree of growth hormone 
deficiency. Second, left ventricular diastolic 
dysfunction seems to be a frequent finding in 
these patients and furthermore these patients 
often have ischaemia-like ST segment changes 
during exercise testing. 

All of the patients in this study had a normal 
left ventricular mass index with a trend towards 
the lower end of the normal range. The relation 
between left ventricular mass and body weight/ 
lean body weight seen in this study is similar to 
that reported in healthy individuals.” How- 
ever, the relation between left ventricular mass 
and the degree of growth hormone deficiency is 
surprising, because it suggests that growth 
hormone may still be necessary for the main- 
tenenace of cardiac size in adulthood. Growth 
hormone administration in adult rats increased 
left ventricular mass in proportion to the 
observed increase in body weight.’* In humans, 
however, four months of growth hormone 
replacement therapy given to growth hormone 
deficient adults had no significant effect on left 
ventricular mass." It is possible, however, that 
left ventricular mass may increase with longer 
term replacement therapy. Whether our 
measurements of left ventricular mass are 
indeed “normal” for these patients is open to 
debate; however, the inverse relation between 
the degree of growth hormone deficiency and 
peak cardiac work on exercise (rate-pressure 
product) suggests that the exercise capacity of 
the heart is impaired in hypopituitarism. 
Nonetheless, the mechanism for exercise 


B r=0-78, p < 0-0001 


300 





40 45 50 55 60 65 70 


Lean body mass (kg) 


D r=0-47,p < 0-01 


ate-pressure product 


R 
wowed 
on 
2 
S 
S 





26 50 75 100 125 150 175 200 225 
IGF—1 (pg) 


0 


limitation in this patient population is complex 
and probably relates to a combination of peri- 
pheral muscle atrophy, deconditioning, and 
changes in cardiac function. In the present 
study, only seven of the 26 patients had their 
exercise test stopped because of leg weakness 
while the rest were stopped by shortness of 
breath or extreme exhaustion. 

The frequent finding that abnormalities of 
left ventricular diastolic function in the 
presence of normal left ventricular systolic 
function in patients with hypopituitarism has 
not been described before. It has been sugges- 
ted that these abnormalities are a possible 
precursor of left ventricular systolic failure and 
may be the earliest manifestations of cardiac 
failure. These abnormalities may explain the 
increased incidence of heart failure in patients 
with hypopituitarism.” Whether growth hor- 
mone replacement therapy will improve this 
abnormality is not known. However, in healthy 
people growth hormone therapy increased 
myocardial contractility and cardiac output’? 
and therefore it might be able to reverse the 
diastolic abnormalities observed in this study. 
Growth hormone therapy was shown to benefit 
one growth hormone deficient patient with 
severe cardiac failure.” 

Nor has the increased incidence of ST seg- 
ment depression on exercise, similar to that 
seen in patients with coronary artery disease, 
been reported before in patients with 
hypopituitarism. Most of these patients 
developed these abnormalities at a high work- 
load; however, two patients did have ST seg- 
ment depression at a low workload and sub- 
sequent coronary angiography was normal. 
Although these may have been false positive 
electrocardiographic responses to exercise test- 
ing, it may in light of the known increased 
cardiovascular mortality in these patients sug- 
gest that they have small coronary vessel dis- 
ease or some undisclosed form of myocardial 
disease. McHenry and colleagues reported that 
symptom free patients who had not had coron- 
ary angiography had about a 40% chance of 
developing coronary.artery disease over a 14 
year period if they had an ischaemic-type 
response to exercise.”” If the outcome were 
similar in our patients, with their additional 
risk of increased serum cholesterol, this could 
explain the increased incidence of myocardial 
infarction observed in patients with treated 
hypopituitarism.” 

We cannot be certain that inadequate re- 
placement therapy of other pituitary dependent 
hormones—for example, thyroxine, cortisol, 
and oestrogen therapy, was not the reason for 
the abnormal cardiac findings in our patients. 
However, all our patients had been euthyroid 
for at least one year and had thyroxine (T,) 
concentrations within the normal range. 
Patients with Cushing’s disease had been cured 
for at least three years and sex hormones were 
prescribed to all patients. In addition no 
patients had hypertension or diabetes mellitus. 

Though we did not study age matched 


Shahi, Beshyah, Hackett, Sharp, Johnston, Foale 


controls our criteria for abnormality were stric- 
tly defined and lay outside the 95% confidence 
intervals of the normal range reported by 
others. 

In conclusion, we found that patients with 
treated hypopituitarism had abnormalities of 
cardiac structure and function that may explain 
the increased incidence of cardiovascular mor- 
tality observed in these patients. The relation 
with the degree of growth hormone deficiency 
may have implications for growth hormone 
replacement therapy in adults. 
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Recurrent ventricular arrhythmias complicating 
myocardial infarction in the presence of 


phaeochromocytoma 


A J McNeill, AA J Adgey, C Wilson 


Abstract 

After an acute myocardial infarction a 
49 year old man developed late recurrent 
severe ventricular arrhythmias coin- 
cident with transient hypertensive 
episodes. A phaeochromocytoma was 
diagnosed on the basis of the urinary 
concentration of catecholamines and 
computerised tomography of the 
adrenal glands. After stabilisation of his 
cardiac rhythm and blood pressure with 
a and $ adrenergic blockade and anti- 
arrhythmic treatment the right adrenal 
gland, which contained the tumour, was 
successfully resected. 

The diagnosis of a phaeochromo- 
cytoma should be considered when 
recurrent ventricular arrhythmias are 
associated with intermittent hyperten- 
sion after myocardial infarction. 


A phaeochromocytoma is an uncommon 
tumour that it is important to diagnose 
because of the risk of hypertensive crises and 


` malignancy. The most common symptoms 


are headache, palpitation, and sweating; and 
the combination of this triad with hyperten- 
sion should raise the suspicion of a phaeo- 
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Blood pressure recordings during the first 26 days after infarction showing the relation 
between episodes of ventricular fibrillation (V ) and fluctuations in blood pressure and the 


response to doxazostn. 


chromocytoma.'*’ The diversity of presenta- 
tion, however, often delays the diagnosis,” 
often with fatal results. We report a patient 
with an unusual presentation of this tumour. 


Case report 

A 49 year old man with no previous cardiac 
history was admitted by the mobile coronary 
care unit with an acute myocardial infarction. 
He had a one year history of hypertension and 
smoked 30 cigarettes a day. Thrombolytic 
therapy was not given because the initial 
blood pressure (210/130 mm Hg) was so high. 
After pain relief by intravenous diamorphine 
he was treated routinely with oral propranolol 
(10 mg four times a day) and subcutaneous 
heparin (10 000 units twice a day). His blood 
pressure settled to 124/100 mm Hg within 
two hours. The peak activity of serum creatine 
kinase was 2178 IU/I (normal <180) (MB 
isoenzyme 297 IUJ] (normal <25)). 

Thirty six hours after admission the blood 
pressure rose again to around 170/100 mm Hg 
and he developed atrial fibrillation with a fast 
ventricular response and short bursts of broad 
complex trachycardia. He reverted to sinus 
rhythm after treatment with digoxin. Four 
hours later he had bursts of ventricular 
tachycardia that recurred despite treatment 
with intravenous lignocaine and flecainide but 
settled after intravenous mexiletine. He con- 
tinued to have occasional transient episodes of 
atrial fibrillation and ventricular extrasystoles 
with a rather fluctuating blood pressure until 
10 days after admission when he collapsed 
with ventricular fibrillation which was easily 
corrected by direct current shock. Frequent 
episodes of ventricular fibrillation and ven- 
tricular tachycardia recurred over the sub- 
sequent 10 days (figure) despite successive 
treatment with lignocaine, mexiletine, 
procainamide, quinidine, amiodarone, and 
propafenone. Immediately after each episode 
his blood pressure was usually raised, often 
considerably, though it was relatively normal 
when his rhythm was stable. His basic sinus 
rhythm did not fluctuate unduly; usually it 
remained between 60 and 80 beats per minute. 

Echocardiography showed infarction and 
aneurysmal dilatation of the left ventricular 
apex and lower septum. Twenty four hour 
urinary catecholamine excretion was 2°34 (nor- 


mal range 0-02-0-97) u mol, and assay showed 
increased excretion of noradrenaline (2302 
nmol (normal 50-560)), adrenaline (29 nmol 
(normal 5~—120)), and dopamine (639 nmol 
(normal 300—3900)). 

Ultrasonography showed an enlarged right 
adrenal gland and this was confirmed by com- 
puterised tomography which showed a tumour 
measuring 4 cm by 2 cm in the right adrenal 
gland. 

On day 21 after admission doxazosin (1 mg 
daily) was introduced and treatment with 
amiodarone, propafenone, and metoprolol was 
continued. Within a few hours of the first dose 
both the heart rhythm and blood pressure 
became more stable (figure). Ventricular 
fibrillation did not recur though bursts of 
multifocal ventricular extrasystoles occasion- 
ally occurred and on day 29 there was one 
further prolonged episode of self-terminating 
ventricular tachycardia associated with tran- 
sient hypertension (200/120 mm Hg). When 
the dose of doxazosin was increased to 3 mg 
daily good control of rhythm and blood pres- 
sure was restored. Thirty two days after admis- 
sion he was transferred to the Royal Victoria 
Hospital Belfast for adrenalectomy. Doxazosin 
was replaced by phenoxybenzamine and his 
condition remained stable until the right 
adrenal gland, which contained a phaeo- 
chromocytoma, was removed 15 weeks after 
the initial presentation. Postoperatively he 
required high doses of noradrenaline, 
dopamine, and dobutamine and plasma expan- 
sion by rapid intravenous fluid infusion to 
maintain an adequate blood pressure. These 
were gradually reduced and when he was 
discharged six weeks after surgery he was 
normotensive, in sinus rhythm, and without 
medication. 

At review five months after operation he was 
well apart from postural hypotension, which 
responded to xamotero!l. Ambulatory electro- 
cardiographic monitoring showed frequent 
benign but symptomatic ventricular extra- 
systoles that responded to propafenone. 
Electrophysiological studies showed no indu- 
cible arrhythmia. Urinary concentrations of 
catecholamines were normal. 


Discussion 

Patients with phaeochromocytoma can have 
atrial and ventricular arrhythmias associated 
with electrocardiographic changes that are con- 
sistent with acute myocardial ischaemia.‘ 
Fatal myocardial infarction in a young man 
with undiagnosed phaeochromocytoma has 
been reported and his sudden death was 
presumably due to a fatal arrhythmia com- 
plicating the infarct.” However, we are not 
aware of any previous case of such severe and 
persistent ventricular arrhythmias complicat- 
ing myocardial infarction in the presence of a 
phaeochromocytoma. 
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Arrhythmias are so commonly accompanied 
by a reduction in blood pressure so the curious 
finding ofhypertension with atrial fibrillationon 
the second day after infarction, and especially 
immediately after correction of most episodes 
of ventricular fibrillation, raised the suspicion 
of intermittent excessive catecholamine 
release. His life-threatening arrhythmias con- 
tinued to recur despite treatment with 
numerous antiarrhythmic agents and f adren- 
ergic blockade and settled only after the addi- 
tion of doxazosin, an a adrenergic blocking 
drug, to his treatment regimen. This response 
accorded with the predominant release of 
noradrenaline. 

Catecholamine induced cardiomyopathy 
characterised by diffuse focal myocardial 
necrosis’ may be associated with electrocar- 
diographic abnormalities resembling myocar- 
dial infarction’ '''* but with normal coronary 
arteries.'''? The clinical presentation in this 
case of classic chest pain, electrocardiographic 
changes, and raised serum enzymes in a heavy 
smoker was typical of coronary thrombosis 
with infarction. Intermittent excessive nor- 
adrenaline release presumably enhanced the 
arrhythmogenicity of the ischaemic myocar- 
dium. 

Phaeochromocytoma is rare and can be fatal. 
This tumour should be suspected in any patient 
with recurrent arrhythmias associated with 
hypertension after acute myocardial infarction. 


We thank Mr C Russell and Dr B Atkinson for their assistance in 
the management of this patient. 
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Impact of catheter and surgical ablation on 
arrhythmia treatment in a tertiary referral centre 


David Cunningham, Edward Rowland 


Abstract 

Invasive cardiac electrophysiology 
studies began as diagnostic studies. The 
past decade has seen the introduction of 
several new treatments which have 
broadened the scope of invasive electro- 
physiology studies. In particular, the 
development of catheter ablation tech- 
niques increasingly allows curative 
treatment to be delivered in the catheter 
laboratory. 

The workload of electrophysiological 
procedures has steadily increased in our 
tertiary referral centre. Over 1000 
patients have been treated in the past 20 
years and it is projected that 219 new 
patients will be treated in 1991 and 342 
procedures will be carried out. Over 25% 
of patients now receive either catheter or 
surgical ablation and almost 80% of these 
are cured permanently without the need 
for further drug treatment. The develop- 
ment of safer techniques for catheter 
ablation has led to its increased use and a 
decline in surgical ablations. Because 
catheter ablation is a much simpler and 
less traumatic procedure than surgical 
ablation there are great advantages both 
for the patient and in terms of cost- 
effectiveness. Antitachycardia pacing, 
relatively common in 1985, has now 
largely been supplanted by ablation and 
implantation of defibrillators. 

As the tendency to non-pharmaco- 
logical treatment increases and evidence 
mounts that cost-effectiveness is greater 
for electrophysiological treatments, the 
implications for the funding of electro- 
physiology services grow. The initially 
high cost of curative treatment needs to 
be balanced against the longer term and 
potentially higher costs of palliative drug 
treatment. The potential to cure patients 
with catheter procedures may lead to a 
greater demand for this expertise and a 
need for an increase in training and 
facilities. 


The investigation of cardiac arrhythmias was 
revolutionised by the introduction of invasive 
electrophysiological (EP) methods in the late 
1960s which clarified mechanisms of arrhyth- 


mia and the methods by which accessory path- 
ways and reentrant circuits could be localised. 
The role of electrophysiological studies became 
established as a method of confirming the 
arrhythmia mechanism and substrate, testing 
antiarrhythmic medications, and as a pre- 
requisite for surgical ablation or implantation 
of an antitachycardia pacemaker. 

Therapeutic options have been extended by 
the availability of cardiac transplantation 
and implantable cardioverter-defibrillators. 
However, because of the advent of catheter 
ablation in the 1980s’ the role of the electro- 
physiological study itself has become extended 
into a directly therapeutic procedure, with 
implications for the treatment of a wide variety 
of cardiac arrhythmias. 

We have reviewed the numbers of patients 
treated by invasive electrophysiological 
procedures and in particular the trend towards 
curative treatment and away from drug treat- 
ment over the past six years in a tertiary referral 
centre with a specialist cardiac electro- 
physiological service. 


Methods 

The first electrophysiological study was perfor- 
med in the National Heart and Brompton 
Hospitals in March 1971. These hospitals 
functioned as a secondary and tertiary referral 
centre supplying a wide range of cardiological 
services to many health authorities. Since 1971 
over 1000 patients have undergone more than 
1400 invasive procedures for the diagnosis, 
control, or cure of cardiac arrhythmias. The 
number remained small until mid 1984, when a 
full-time clinician with an interest in arrhyth- 
mias was appointed. Since then both the num- 
ber of procedures and the treatments used have 
grown steadily, though a temporary reduction 
was seen during 1989-90 when the hospitals 
amalgamated (to form the Royal Brompton 
National Heart and Lung Hospital, Chelsea) 
and laboratory access was temporarily restric- 
ted. These restrictions ended in December 
1990. 

The number and type of invasive electro- 
physiological procedures performed from 3 
March 1971 to 9 May 1991 was obtained from 
the following sources: (a) a computerised 
database of all catheter laboratory procedures 
in the Brompton and National Heart Hospitals 
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(currently held in Orchids* database on an in- 
house Hewlett Packard 9000 supermini com- 
puter); (b) a log book of all invasive procedures 
(maintained by the pacing and electro- 
physiology physiological measurement tech- 
nicians); and (c) a computerised database of all 
ablative and implantable device procedures 
(held in the EPSt database on MS-DOS 386 
desktop computers). 

All data from all sources were coded by a 
unique hospital number. The data were extrac- 
ted from the computerised sources and impor- 
ted into a Lotus 1-2-3 spreadsheet running on 
a 386-compatible desktop computer. The out- 
come and complication data for the ablation 
procedures were provided by in-built report 
generators in EPS, 

The types of electrophysiological procedure 
were classified as follows: 

(a) Diagnostic—To provoke and study 
mechanisms of clinical arrhythmia and assess 
the effects of pharmacological or non- 
pharmacological treatment. 

(b) Flutter conversion—To convert spontan- 
eously occurring atrial flutter. 

(c) Antitachycardia pacemaker implant. 

(d) Catheter ablation. 

(e) Surgical ablation. 

(f) Implantable cardioverter defibrillator 
implant. 

In addition, each procedure was classified as 
primary if performed on a patient who had had 
no previous invasive electrophysiological 
procedure of any kind or secondary if preceded 
by an electrophysiological procedure of any 
kind. Thus most procedures of types (c) to (f ) 
(above) were secondary, because they were 
preceded by a diagnostic electrophysiological 
study. Similarly, restudy after ablation or drug 
treatment was a secondary procedure. The 
total number of primary procedures is the same 
as the number of new patients. 

Any secondary procedures carried out at the 
bedside are not recorded in the sources listed 
above and are therefore not included in this 
study. These account for a significant number 
of repeat electrophysiological procedures 
carried out on patients undergoing serial elec- 
trophysiological-guided drug testing (via sin- 
gle wires left in situ after primary electro- 
physiological! study) and on patients tested 
after sugical ablation (via epicardial wires 
placed at operation). We recognise that the 
number of procedures recorded under “‘diag- 
nostic electrophysiological study” will be an 
underestimate. 

To place the 1991 workload in the context of 
previous years, the number of procedures from 


*Orchids (Oracie-based Relational Cardiology Hospital Infor- 
mation Database System) is a distributed relational database 

to run under Oracle by Dr A F Rickards at the Royal 
Brompton National Heart amd Lung Hospital. It can run on 
mainframe, mini, or personal computers. Currently, Orchids 
covers all in-patient cardiological data with the exception of 
invasive electrophystological procedures, which is a planned 
future expansion 


TEPS is a stand alone relational database running on individual 
computers. It wal ee eee 


Hospital and can transfer data to Orchids if necessary. It allows 
storage of overview data for all invasive scaly a tes dir 
procedures, with in depth modules covering catheter and 
surgical ablation. 
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1 January 1991 to 9 May 1991 was extrapolated 
to provide a figure for the whole of 1991, based 
on the number of working days available in the 
laboratory and taking into account the possible 
exaggeration caused by any backlog that had 
built up by the end of 1990. 


Results 

ALL ELECTROPHYSIOLOGICAL PROCEDURES 

In the 20 year period March 1971—-May 1991, 
1009 patients had 1428 invasive electro- 
physiological procedures. Figures 1 and 2 show 
the annual number of procedures and new 
patients. The mean number of patients and 
procedures per year between 1971 and 1983 
(inclusive) was 10 and 11 respectively. These 
figures increased to 110 and 165 between 1984 
and the end of 1990, and correspond to the 
appointment of a full-time cardiac electro- 
physiologist. At the time of writing, we project 
that in 1991, after the opening of a dedicated 
laboratory, we will treat 219 new patients and 
undertake 342 procedures. 

Before 1984 all  electrophysiological 
procedures were diagnostic with the exception 
of two antitachycardia pacemaker implants. 
Catheter ablation was introduced in 1984, 
surgical ablation and flutter conversion in 1985, 
and an implantable defibrillator implant in 
1988. Antitachycardia pacemaker implants 
were increased from 1985 onwards. Figure 3 
shows the breakdown of the total electro- 
physiological procedures into the six specific 
types. Table 1 shows the data for primary and 
secondary procedures in these types. 


ABLATIVE PROCEDURES: NUMBERS 

Figure 4 shows the percentage of new patients 
undergoing all ablative procedures since their 
introduction. This increased steadily from 
1985, until ablative procedures represented 
> 30% of all procedures in 1989 and 1990. In 
1991 the figure dropped to just under 25%. 
Inspection of aggregate figures in table | 
showed that the total number of ablations 
continued to rise in 1991, but there was a drop 
in diagnostic electrophysiological studies in 
1989-90 with mo decrease in ablative 
procedures. 

Figure 5 shows the numbers of catheter and 
surgical ablations. Although it was introduced 
to these hospitals a year earlier, catheter abla- 
tion was rapidly overtaken by surgical ablation 
from 1985 to 1988. In 1988, the number of 
surgical ablations was nearly double the num- 
ber of catheter ablations. There was a sharp 
reversal from 1989 to the present day, with 
increasing numbers of catheter procedures at 
the expense of surgical ablations. At present, 
there are three times as many catheter ablations 
as surgical ablations. 

Catheter ablation of ventricular tachycardia 
remains at a relatively low level (a total of 21 
procedures between 1985 and the end of 1990) 
like surgical ablations of ventricular tachycar- 
dia in the same period.” In contrast, ablation of 
supraventricular tachycardia has become 
increasingly successful with catheter tech- 
niques, and we project that 48 procedures will 
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Figure 1 Annual number of procedures between 1971 and 1991. There was a 


considerable tncrease after the a 


t of a full-time electrophysiologist in 1984. 


Figures for 1991 are projected from current workload. 
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Figure 2 Number of patients per year treated for the first time with invasive 


electrophysiological procedures. 


orkload increased steadily since 1984 apart from 


artificial restrictions in 1989-90 (see text). 


Figure 3 Breakdown of 
procedures from 1983 to 
1991 shows the steady rise 
tn catheter ablations, the 


ablations fram 1985 to 
1988 which has now been 
reversed, and the slow 
emergence of implantation 
cardioverter 
lators. 
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be performed by a catheter technique in 1990 
compated with 16 by a surgical one. This 
compares with eight catheter and 23 surgical 
procedures in 1988. 


OTHER FORMS OF NON-PHARMACOLOGICAL 
TREATMENT 

Antitachycardia pacing was at its peak in 1987- 
89, and was used almost exclusively as a 
treatment for atrioventricular nodal reentrant 
tachycardia. Only one patient has had a device 
implanted since 1989. (This was a patient with 
slow ventricular tachycardia which could not 
be ablated by catheter. Because the patient was 
not a suitable candidate for any surgical 
procedure owing to very poor left ventricular 
function, the pacemaker was implanted as a last 
resort. The patient’s ventricular tachycardia 
was controlled but he died of progressive heart 
failure nine months later.) Since 1988, implan- 
table cardioverter/defibrillators have increased 
slowly. A total of 13 patients have currently 
been implanted with 14 devices. 

Two patients in our series received a cardiac 
transplantation for severe cardiomyopathy 
complicated by intractable ventricular 
tachycardia and ventricular fibrillation. 


PATIENT FLOW 

Figure 6 shows the treatment received by the 
1009 patients who underwent invasive electro- 
physiological procedures: 776 were either 
treated with drug treatment alone or did not 
require treatment. The remaining 233 had 
some form of interventional procedure. There 
is a complex flow of patients between the forms 
of non-pharmacological treatment, but several 
points are worthy of note. 

(a) Forty one patients were referred directly 
for catheter ablation without a primary diag- 
nostic electrophysiological study. Most of these 
underwent ablation of atrioventricular conduc- 
tion for control of drug-refractory atrial 
fibrillation or flutter. 

(6) In the last year, however, an increasing 
number of patients have had a diagnostic 
electrophysiological study for atrioventricular 
nodal reentrant tachycardia or atrioventricular 
reentrant tachycardia and have progressed 
immediately to catheter ablation. 

(c) Sixty nine patients were referred for 
catheter ablation after a primary electro- 
physiological study and two had a flutter con- 
version procedure before catheter ablation. 

(d) Of 114 patients referred for catheter 
ablation, 13 (11%) subsequently underwent 
surgical ablation. 

(e) Two patients who underwent surgical 
ablation before 1990 have recently had catheter 
ablations. One had successful surgical ablation 
of ventricular tachycardia but after 18 months 
presented with a new clinical ventricular 
tachycardia which was successfully ablated by 
catheter. The second patient initially had an 
excellent result after surgical ablation of an 
anteroseptal accessory pathway and simultan- 
eous cryosurgical modification of a slow 
atrioventricular nodal pathway for cure of 
atrioventricular nodal reentrant tachycardia. 
Atrial flutter then occurred three months 
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Table 1 Annual workloads for invasive electrophysiology procedures 





Flutter Antitackycardia Catheter Surgical 
Diagnostic conversion pacemaker ablation ICD implant 
Year 1" r 1 z r 2 r z r z I z 
pre-1984 130 7 Q 0 5 3 0 0 0 0 0 0 
1984 59 |. 8 0 0 1 I 3 0 0 0 0 0 
1985 115 9 3 0 8 6 7 0 2 0 0 0 
1986 113 15 4 I 3 1 13 7 12 0 0 0 
1987 113 33 1! 1 3 0 8 3 13 0 0 0 
1988 122 40 6 2 2 0 13 4 25 0 2 0 
1989 95 26 6 1 2 0 27 11 21 0 5 0 
1990 90 26 7 1 3 0 25 7 19 0 4 1 
1991 (projected) 192 58 11 0 0 0 50 13 _16 0 2 0 


+ 





1°, primary procedure; 2°, secondary procedure; ICD, implantable cardioverter/defibrillator. 


postoperatively, and was conducted via the 
single remaining atrioventricular nodal path- 
way with intermittent 1 : 1 response. Because 
the patient remained refractory to medication, 
catheter ablation was used to create complete 
heart block. A further patient who failed sur- 
gical ablation of an accessory pathway at 
another United Kingdom centre has also had 
successful catheter ablation recently. 

(f) Ofthe 12 patients receiving implantable 
cardioverter/defibrillators, 10 were referred 
direct from diagnostic electrophysiological 
study, one had a failed catheter ablation, and 
one a failed surgical ablation. 

(g) Seven hundred and seventy six patients 
(77%) were managed by drug treatment alone 
or required no treatment. Many of these 
patients underwent serial electrophysiological 
testing, although some of these procedures 
were carried out at the bedside via a single wire 
left in situ after the primary electro- 





Figure4 Percentage of patients undergoing definitive ablative treatment increased Tat 
from zero in 1983 to 30% in 1989-90. Number of procedures continues to increase tn p hysiological study. These bedside studies =e 
1991, although an increase in diagnostic electrophysiological studies reduced the not included in the procedure numbers in fig 6. 


“proportion of ablative procedures to 25%. 

ABLATIVE PROCEDURES: RESULTS 

One hundred ahd ninety seven patients had one 
or more ablative procedures. Ninety nine had 
1—4 catheter ablation sessions; 83 had a single 
surgical ablation session; 13 had surgical abla- 
tion after failed catheter ablation; and two had 
catheter ablation after previous surgical abla- 
tion, as discussed above. The overall results 
were complete cure in 155 (79%), control of 
arrhythmia by a previously ineffective drug 
treatment in 10 (5%), failure in 28 (14%), and 
procedure-related death in three (1:5%) (table 
2). 

Tables 3 and 4 show the individual results for 
catheter and surgical ablation of different arr- 
hythmias. Overall, catheter ablation was suc- 
cessful in 59%, with minimal complications. 
Surgical ablation had a higher success rate 
(89%) but there were serious complications in 
10%. All three surgical failures to divide acces- 
sory pathways occurred within the first two 
years of experience. No patients required a 
repeat surgical ablation whereas multiple cath- 
eter ablation sessions were required in 25:4% 
of patients. 





Discussion 
FACTORS AFFECTING TOTAL NUMBER OF 
progressive decline tn procedures accompanied by a sharp rise in catheter ELECTROPHYSIOLOGICAL PROCEDURES 
ablations. As one would expect, there was a major 
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Figure 6 Flow of 1009 
patients undergotng 1428 
: 
electrophysiological 
procedures over a 20 year 
period shows that most 
patients require no 
treatment or only drug 
treatment. However, an 
increasing number receive 
non-pharmacological 
treatment, in particular 
ablative procedures. Most 
these have had a prior 
y Meets 
electrophystological study, 
but there is a recent trend 
towards combining the two 
into a single study. This ts 
both conventent for the 
patient and highly cost- 
effectrve. Antitachycardia 
pacemakers are no longer 
used, havtng been replaced 
by ablation and 
implantation of a 
dioverter| defibrillator. 


Car: 
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REFERRAL FOR 
INVASIVE EP 
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1009 patients 















DIAGNOSTIC 
EP STUDY 
921 patients/1074 procedures 
























731 
NO THERAPY / 45 ATRIAL FLUTTER 
DRUG THERAPY CONVERSION 
776 47 patients/53 procedures 
25 
ANTITACHYCARDIA 3 CATHETER 
PACEMAKER $$} — ABLATION 
27 patients/38 procedures 114 patients/151 procedures 
9 
} 9 
11 
1 1 84 1 
CARDIAC ` ICD IMPLANT SURGICAL 
TRANSPLANTATION , 13 patients/14 procedures ABLATION 


2 patients/2 procedures 


increase in the number of electrophysiological 
procedures after a full-time cardiac electro- 
physiologist was appointed midway through 
1984. There has also been a progressive 
increase in total procedures since that time 
because of increasing clinical demand. 
IMPLANTABLE DEVICES i 
Antitachycardia pacing was at its peak in 198 

87 and was used almost exclusively as a treat- 
ment for atrioventricular nodal reentrant 
tachycardia. Since that time, surgical and then 
catheter techniques have increasingly offered a 
potential cure for this arrhythmia and have now 
completely supplanted the use of antitachycar- 
dia pacing in our hospital. In patients with 
ventricular arrhythmias that cannot be con- 
trolled by drugs or cured by an ablative 
procedure, the implantable cardioverter/ 
defibrillator, with or without an antitachycar- 
dia pacing capability, offers a much more ' 


Table 2 Overall results of ablative procedures 


98 patients/procedures 


secure treatment than antitachycardia pacing 
alone, because of risk of tachycardia accelera- 
tion. (Many of the present generation of 
“‘tiered-therapy” implantable cardioverter/ 
defibrillator devices incorporate antitachycar- 
dia pacing modes as the primary treatment for 
haemodynamically tolerated ventricular 
tachycardia, and the future role of the stand 
alone antitachycardia pacemaker is therefore 
probably very small in centres such as ours.) 


ABLATIVE PROCEDURES 

Table 2 shows that nearly 80% of patients who 
were treated by catheter and/or surgical abla- 
tion were completely cured without the need 
for drug treatment. Catheter ablation was used 
with enthusiasm in its early stages, but some 
disillusionment with poor results led to its 
partial decline in 1987-88, as shown by the 
relatively higher number of surgical ablations 
at that time (fig 5). However, improvements in 


Controlled by 
eviously Procedure- 

Number of tneffective drug related 
Procedure of patients Cured (%) treatment (%) Failed (*%) death (%) 
Catheter ablation alone 99 66 e 9 ° 24 (24) G 
Catheter then surgical ablation 13 9 (69 1 (8) 1 (8) 205) 
Surgical ablation alone 83 78 (94) 0 3 (4) 2 (2) 
Surgical then catheter ablation 2 2 (100) 0 0 0 
Total 197 155 (78-7) 10 (5-1) 28 (14:2) 4 (2-0) 
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Cunningham, Rowland 
Table 3 Results of catheter ablation 
Controlled by 
previously Procedure- 
Number of ineffective drug 
Procedure of patients Cured treatment Failed death (%} 
Accessory pathway 38 2i 4 13 0 
Ventri tachycardia 15 5 3 7 0 
Atrial tachycardia 2 0 0 2 0 
Ablation of AV conduction 52 40 3 9 0 
Modification of AV conduction 5 l 0 4 0 
Atrial flutter 2 0 0 2 0 
Total 114 67 (58-8%) 10 (8-8%) 37 (32:5%) 0 
energy catheter ablation of posteroseptal accessory pathway in 


—— complications (3): coronary sinus rupture (1) (after 
repaired 


the coronary sinus os. Surgically in catheter laboratory 


Table 4 Results of surgical ablation 


and ventricular fibrillation (2). AV, atrioventricular. 





Controlled by 
previously Procedure- 
Number of ineffective drug related 

Procedure of patients Cured treatment Fatled death (% ) 
Accessory pathway 68 64 0 3 1 
Ventricular tachycardia 20 14 1 3 l 
Atrial tachycardia 4 3 0 0 0 
Ablation of AV conduction 4 3 0 0 1 
Modification of AV conduction 2 2 0 0 0 
Toral 98 87 (88-38%) 1(1-0%) 6 (61%) 3(2:9%) 


Serious complications (10): procedure-related death (3) (low output state after bypass (2 h) followed by accessory pathway 
ablation, progressive cardiac failure (3 days) followed by VT ablation, septicaemia (7 days) followed. by ablation of AV 
conduction); late deaths (1) (sudden cardiac death (6 months) followed by VT ablation); severe CVA (2); complete heart block 
after accessory pathway dissection (1); acute congestive heart failure (1); atrial flutter with 1:1 atrioventricular conduction (1); . 


right leg amputation (1). 


AV, atrioventricular, VT, ventricular tachycardia; CVA, cerebrovascular accident. 


technology (the development of a low-energy 
ablation power source’ and catheter’ and tech- 
nique (particularly the use of retrograde aortic 
catheterisation to approach left sided accessory 
pathways‘ led to improved results and 
increased enthusiasm from 1989 onwards. As a 
result, catheter ablation procedures in the past 
three years have had a success rate approaching 
80% and now outnumber surgical ablations 
3:1. Such a ratio is likely to persist or even 
increase as ablation methods which do not 
require a general anaesthetic (such as 
radiofrequency’) are increasingly used. 
Radiofrequency ablation was introduced in our 
hospital in 1990, and our early results suggest 
that its success rate is comparable to low or high 
energy DC ablation for accessory pathway 
ablation. Other workers’ experience’ suggests 
that it may be a less useful technique for the 
creation of a complete heart block or ablation of 
ventricular tachycardia, but it is probably the 
technique of choice®’ for modification of the 
atrioventricular node in cases of atrioven- 
tricular nodal reentrant tachycardia. 

Early on, when we were using high energies 
and conventional pacing catheters for ablation, 
cardiac tamponade was caused in one patient by 
rupture of the coronary sinus during attempted 
ablation of a posteroseptal accessory pathway. 
This experience and similar reports from other 
groups gave us the impetus to develop safer 
methods of catheter ablation.?* Our fundamen- 
tal strategy is to err on the side of safety during 
catheter ablation, thus making it a safe and 
reasonably effective procedure, and therefore 
worth attempting before proceeding to opera- 
tion in almost all patients. In our practice, it is 
the treatment of choice for ablation of accessory 


pathways as well as for the creation of complete 
heart block, and it remains worth attempting in 
some selected cases of ventricular tachycardia. 
Surgical treatment has been preferred to cath- 
eter modification of atrioventricular nodal con- 
duction in the treatment of atrioventricular 
nodal reentrant tachycardia and for ablation of 
focal atrial ectopic tachycardia. We have, 
however, begun to gain experience in attempt- 
ing modification of atrioventricular nodal con- 
duction by multiple applications of 
radiofrequency energy to the region of the 
triangle of Koch. Other groups have already 
reported success with this technique, both with 
radiofrequency energy’? and conventional 
shocks.’ Recently reported results for ablation 
of accessory pathways by radiofrequency 
energy?! suggest that this technique may 
completely replace surgery for this indication 
in the near future. 


COST EFFECTIVENESS OF CATHETER ABLATION 
Significant decreases in health care costs have 
been reported during long-term follow up of 
patients who have undergone catheter ablation 
of atrioventricular conduction” ” or an acces- 
sory pathway.’* The number of hospital admis- 
sions was greatly reduced and the need for drug 
treatment was virtually eliminated. Although 
similar long-term studies have not been repor- 
ted for catheter ablation of accessory pathways, 
one would expect even greater savings in these 
patients because a permanent pacemaker is not 
required. 

Used as described above, we believe that 
catheter ablation is an extremely valuable, 
minimally traumatic, and cost-effective tool for 
the management of arrhythmias. Because the 
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option of surgical ablation is available we can 
use catheter ablation with caution, maximising 
its safety and allowing it to be used not only as a 
treatment of last resort. 


PHARMACOLOGICAL TREATMENT VERSUS NON- 
PHARMACOLOGICAL TREATMENT 

Most (77%) patients in this study required no 
treatment or received drug treatment alone, 
guided by serial electrophysiological testing 
where appropriate. However, this global figure 
masks a trend away from pharmacological 
treatment over the past few years, and over 
30% of patients now receive one or other 
form of mnon-pharmacological treatment. 
Increasingly we are turning away from 
pharmacology and towards attempting to cure 
arrhythmias with ablation or to palliate them 
with devices that we hope are more cost-effec- 
tive than drug treatment. It is unfortunate that 
we are not in a position to compare the efficacy 
and cost-effectiveness of pharmacological and 
non-pharmacological treatments, and it will be 
a prime requirement to attempt to make such 
judgements when our new information systems 
are in place. Meanwhile, resource limitations 
(both in terms of laboratory time and device 
funding) will be the principal limitation on our 
use of non-pharmacological treatment 
strategies. The present data indicate that the 
limit lies at around 30-35% of all patients 
referred for invasive electrophysiological 
study. 

Clearly drug treatment may be more expen- 
sive over the lifetime of a patient but the 
expense is spread out over years. Non-phar- 
macological treatment, particularly device 
implantation, is much more expensive initially 
and then much less expensive as time goes by. 
It is therefore more cost-effective if the patient 
survives for a long period, but the initial outlay 
is much greater and provision for costing and 
comparing such contrasting treatments needs 
to be made to enable referring physicians to 
make an informed and sensible choice. 


ELECTROPHYSIOLOGICAL PROCEDURES IN THE 
CONTEXT OF GENERAL CARDIOLOGICAL CARE 

It would have been interesting to examine the 
referral patterns of patients for invasive elec- 
trophysiological procedures within our hosp- 
itals and their relation to the advances in 
treatment and also to the clinical outcome of 
these patients; however, with the exception of 
patients who had ablation, antitachycardia 
pacemakers and implantable cardioverter/ 
defibrillators, clinical outcome data were not 
available, nor were retrospective referral pat- 
terns. All of these data will be available prosp- 
ectively, however, with the introduction of new 
administrative and clinical computing systems 
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in 1990—92; it will then be possible to assess the 
true impact on Clinical outcome, quality of life, 
and cost-effectiveness of different treatments 
for cardiac arrhythmia. 

Until then this present review indicates that 
the demand for invasive electrophysiological 
procedures within our hospitals continues to 
increase, and the resumption of this increase in 
1991 after artificially imposed restrictions in 
1989-90 shows little tendency for the curve to 
flatten out. It may well be that the clinical need 
for these procedures exceeds the services 
provided nationally in the United Kingdom 
and that the number of procedures that we are 
able to perform will therefore always remain 
resource-limited. If that is the case, and 
provided cost-effectiveness can be demon- 
strated, then consideration should be given to 
increasing the availability of these services, 
both by training more cardiac electro- 
physiologists and by providing a larger number 
of specialist centres with facilities to provide all 
of these treatments. 
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Provision of services for the diagnosis and 


treatment of heart disease 


Fourth Report of a Joint Cardiology Committee of the Royal College of Physicians of 
London and the Royal College of Surgeons of England 


Abstract 

The principal conclusions of the fourth 
report of the Joint Cardiology Commit- 
tee are: 

1 Cardiovascular disease remains a 
major cause of death and morbidity in 
the population and of utilisation of 
medical services. 

2 Reduction in the risk of cardio- 
vascular disease is feasible, and better 
co-ordination is required of strategies 
most likely to be effective. 

3 Pre-hospital care of cardiac emer- 
gencies, in particular the provision of 
facilities for defibrillation, should con- 
tinue to be developed. 

4 There remains a large shortfall in 
provision of cardiological services with 
almost one in five district hospitals in 
England and Wales having no physician 
with the appropriate training. Few of the 
larger districts have two cardiologists to 
meet the recommendation for popula- 
tions of over 250 000. One hundred and 
fifty extra consultant posts (in both dis- 
trict and regional centres) together with 
adequate supporting staff and facilities 
are urgently needed to provide modest 
cover for existing requirements. 

5 The provision of coronary bypass 
grafting has expanded since 1985, but few 
regions have fulfilled the unambitious 
objectives stated in the Third Joint Car- 
diology Report. 

6 The development of coronary angio- 
plasty has been slow and haphazard. All 
regional centres should have at least two 
cardiologists trained in coronary angio- 
plasty and there should be a designated 
budget. Surgical cover is still required 
for most procedures and is best provided 
on site. 

7 Advances in the management of arr- 
hythmias, including the use of special- 
ised pacemakers, implantable defibril- 
lators, and percutaneous or surgical 
ablation of parts of the cardiac conduct- 
ing system have resulted in great benefit 
to patients. Planned development of the 
emerging sub-speciality of arrhyth- 
mology is required. 

8 Strategies must be developed to limit 
the increased exposure of cardiologists 
to ionising radiation which will result 


from the expansion and increasing com- 
plexity of interventional procedures. 

9 Supra-regional funding for infant 
cardiac surgery and transplantation has 
been successful and should be continued. 
10 Despite advances in non-invasive 
diagnosis of congenital heart disease the 
amount of cardiac catheterisation of 
children has risen due to the increase in 
number of interventional procedures. 
Vacant consultant posts in paediatric 
cardiology and the need for an increase 
in the number of such posts cannot be 
filled from existing senior registrar posts. 
All paediatric cardiac units should have 
a senior registrar and in the meantime it 
may be necessary to make proleptic 
appointments to consultant posts with 
arrangements for the appointees to com- 
plete their training. 

11 Provision of care for the increasing 
number of adolescent and adult 
survivors of complex congenital heart 
disease is urgently required. The man- 
agement of these patients is specialised, 
and the committee recommends that it 
should ultimately be undertaken by 
either aduit or paediatric cardiologists 
with appropriate additional training 
working in supra-regionally funded cen- 
tres alongside specially trained surgeons. 
12 Cardiac rehabilitation should be 
available to all patients in the United 
Kingdom. 

13 New recommendations for training 
in cardiology are for a total of at least 
five years in the specialty after general 
professional training, plus a year as 
senior registrar in general medicine. 
An additional year may be required for 
those wishing to work in interventional 
cardiology and adequate provision must 
be made for those with an academic 
interest. 

14 It is essential that both basic and 
clinical research is carried out in cardiac 
centres but these activities are becoming 
increasingly limited by the lack of pro- 
perly funded posts in the basic sciences 
and restriction in the number of hon- 
orary posts for clinical research workers. 
15 A joint audit committee of the Royal 
College of Physicians and the British 
Cardiac Society has been established to 
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coordinate audit in the specialty. All dis- 
trict and regional cardiac centres should 
cooperate with the work of the commit- 
tee, in addition to their par neipenon in 
local audit activities. 


1 Introduction 

1.1 The third report of the Joint Cardiology 
Committee of the Royal College of Physicians 
of London and the Royal College of Surgeons 
of England (1985) anticipated several immin- 

ent developments in the diagnosis and treat- 
ment of heart disease and recommended a 
further review within five years.! 

1.2 In preparing this fourth report the com- 
mittee sought to assess the extent to which the 
recommendations of 1985 have been realised 
and to discuss present and future needs in the 
light of that progress and the projected burden 
of heart disease in the United Kingdom over 
the next decade. 

1.3 The overall assessment is one of, at best, 
hesitant progress towards implementation of 
the earlier objectives. The crucial role of the 
cardiologist practising in the district general 
hospital was widely acknowledged even before 
the time of the third report, but gross under- 
provision of cardiological services continues to 
exist in many parts of the country. Within the 
regional specialist centres the use of coronary 
angioplasty and other interventional pro- 
cedures has expanded, though more slowly 
than in mainland European countries and 
North America. The provision of coronary 
artery surgery has also failed to achieve the 
unambitious 1985 minimum targets in all buta 
few regions. Of other “high technology” 
developments anticipated in 1986 prenatal 
diagnosis of congenital heart disease has con- 
tinued to evolve and magnetic resonance imag- 
ing has fulfilled much ofits promise but remains 
confined to a few centres. An anticipated 
requirement for intracoronary thrombolysis 
has been overtaken by demonstration of the 
practical superiority of intravenous therapy. 
Major new developments are required to care 
for the increasing number of adults with par- 
tially corrected or uncorrectable congenital 
heart disease and to exploit recent advances in 
the treatment of arrhythmias. 


2 Scale of the problem 
2.1 Wellover a quarter of a million people die 
every year from diseases of the circulatory 


... system in England and Wales. These diseases 


are the most frequent cause of death in both 
sexes and account for approximately half of all 
deaths. Cardiovascular diseases account for 
26% of all years of working life lost in men (to 
age 65) and 15% of those lost in women.’ 

2.2 ‘The major cause is coronary heart disease 
which accounts for 65% of cardiovascular 
deaths in men and 49% in women.’ About one 
in 200 men die of coronary heart disease before 
the age of 45 and this increases to one in 11 men 
before the age of 65. For women up to the age of 
65 coronary heart disease claims the lives of 
about one in 40. These rates are among the 
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highest in the world, and though they reflect a 
fall since 1978 they remain 50% above the 1950 
level. The United Kingdom has yet to ex- 
perience the large general decline in deaths 
from coronary heart disease which North 
America and several European countries have 
been enjoying for some years. A major logistical 
problem hindering the effective delivery of aid 
relates to the time and place of these deaths: 
about half are sudden and most occur within 
the home. Although all areas of the United 
Kingdom have high levels of coronary heart 
disease, wide differences exist between regions 
and social classes: Glasgow has twice the death 
rate of some parts of London and within each 
region higher death rates are associated with 
manual workers and the lower paid. 

The principal burden on the cardiological 

services, however, is imposed by the high 
prevalence of coronary heart disease in the 
community. The British Regional Heart Study 
showed that in the early 1970s 25% of men 
aged 40-59 had some evidence of coronary 
heart disease.°° In the Welsh Heart Health 
Survey of 1985 18% of men and 11% of women 
aged 55-64 had a history of myocardial in- 
farction, and/or symptoms of angina, and/or 
electrocardiographic changes of myocardial 
infarction.’ If these prevalence rates applied to 
the whole United Kingdom population some 
two million people under the age of 64 would 
have evidence of coronary heart disease. While 
much of this disease may be clinically un- 
recognised, it was: estimated that in 1984 
ischaemic heart disease was responsible for 
2-43 million bed days in English hospitals.’ 
2.3 Chronic rheumatic heart disease is now an 
infrequent cause of death and morbidity in 
Britain, but degenerative valve disease remains 
an important cause of hospital admission for 
treatment of heart failure and for surgery; the 
number of affected patients is likely to rise with 
the increasing number of elderly people in the 
population. Studies of general practice and 
hospital admissions in London found that the 
prevalence of heart failure in the community 
rose from six per 10 000 under the age of 65 to 
280 per 10 000 over 65. Coronary artery disease 
was the predominant aetiology with valve 
disease reponsible for 13% of cases and hyper- 
tension (6%), cor pulmonale (3%), and con- 
genital heart disease (2%) as other identifiable 
causes. Underuse of diagnostic procedures 
resulted in a significant proportion of cases 
(37%) in which an aetiology could not be 
accurately established.’ 
2.4 Deaths in infancy and childhood from 
congenital heart disease have also declined, 
chiefly because of the benefits of medical treat- 
ment and surgery. The birth rate in the United 
Kingdom has been static over the last four 
years, according to Department of Health 
figures. Since the incidence of congenital heart 
disease (eight per 1000 live births)" is unchan- 
ged, there is no evidence of naturally declining 
numbers to account for the reduction in deaths. 
Many adolescent and adult survivors of con- 
genital heart disease, however, require special- 
ised follow up and make heavy demands on the 
hospital services (see 8). 


108 


3 Prevention 

3.1 Abundant evidence testifies to the impor- 
tance of environmental factors in the genesis of 
cardiovascular disease. This has been derived 
from international and within country compar- 
isons, the effects of migration, and community 
intervention projects. The concept that risk can 
be reduced by appropriate modifications of life 
style is therefore realistic and supported by 
recent controlled trials.’ We recognise that 
achievements in this area have sometimes been 
disappointing. We do not doubt, however, that 
improved identification of strategies that may 
be potentially successful and more urgent 
emphasis on those that are most firmly estab- 
lished can have an important impact. 

3.2 The recommendations published in 1987 
by the British Cardiac Society” form a useful 
basis for action by doctors with a special 
interest in and responsibility for the control of 
heart disease. Government leadership, how- 
ever, is essential: as yet no strategy for coronary 
prevention has been developed and action has 
been piecemeal. Many government and Euro- 
pean Community policies run counter to 
coronary risk reduction and the achievement of 
good health.* Contributions from the regional 
and district health authorities and the educa- 
tion services have been slow to develop. These 
deficiencies need to be addressed. 

3.3 The British public continues to consume 
excessive quantities of fat, especially saturated 
fat. This should be reduced, with approx- 
imately equivalent quantities of saturated, 
monounsaturated, and polyunsaturated fat 
being eaten. Physicians in general and car- 
diologists in particular should encourage 
dietary change of this kind. Cholesterol 
Measurement is of value in identifying some 
people at high risk who may benefit from special 
dietary regimens or drug therapy. Cholesterol 
testing should be directed to those with a family 
history of premature coronary disease or with 
clinical features of hyperlipidaemia, those with 
manifest coronary disease (especially after by- 
pass grafting or angioplasty), those under treat- 
ment for diabetes and high blood pressure, and 
those with a long history of heavy smoking.” 
3.4 Blood pressure screening is already 
commonplace in general practice and occu- 
pational health services, and its importance has 
been stressed in the recent government white 
paper on the reorganisation of the National 
Health Service.'* © The beneficial effects of the 
lowering of raised blood pressure by drug 
therapy on the incidence of stroke and cardiac 
failure are undoubted. There may also be a 
significant although smaller reduction in the 
incidence of coronary heart disease.*® 

3.5 Strenuous efforts should be made to coun- 
ter the harmful effects of smoking on cardio- 
vascular health. It is the single most important 
risk factor for coronary heart disease and one 
that is self inflicted and entirely preventable." 
The government is in a unique position to 
reduce cigarette smoking by imposition of 
higher tax, tougher restriction of advertising 
and sponsorship by tobacco companies, and 
designation of funds for education. 
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4 Pre-hospital treatment of cardiac 
emergencies 

4,1 In Britain approximately two thirds of 
deaths from coronary heart disease occur out- 
side hospital, often within one hour of the onset 
of symptoms and usually from ventricular 
fibrillation. Many lives could be saved every 
year if the urgency of prompt care were widely 
appreciated. ‘The advent of thrombolysis has 
further increased the need for early medical 
intervention in patients with acute myocardial 
infarction. 

4.2 Equipment for and expertise in defibrilla- 
tion should be available outside hospital, par- 
ticularly in areas such as sports stadiums and 
airports where large numbers of people are 
likely to assemble.” It can be provided by 
general practitioners, but in many areas will be 
delivered most effectively by ambulance per- 
sonnel who should ideally also have training in 
airway control, intravenous infusion, and the 
use of cardioactive drugs. In the short term, 
ambulance staff and first aid workers with basic 
training can be instructed within a few hours in 
the use of advisory defibrillators and can save 
life.” The key to successful defibrillation is a 
short response time and this should be the 
major factor in determining the best system for 
a particular area. Basic cardiopulmonary resus- ` 
citation before the arrival of a defibrillator 
improves survival and the general public 
should be trained in accordance with Resus- 
citation Council guidelines.” But the success of 
out-of-hospital resuscitation from cardiac 
arrest will be negligible if rapid defibrillation is 
not available. A recent government initiative 
encouraging the availability of defibrillators in 
all front-line ambulances is welcome. 

4,3 The value of pre-hospital thrombolysis in 
suspected acute myocardial infarction is un- 
proven but may be clarified by current trials. 
General practitioners with appropriate expert- 
ise who wish to take responsibility for the 
administration of thrombolytic agents should 
be supported, especially if they work at a 
distance from a general hospital, but they must 
be able to confirm the diagnosis electrocardio- 
graphically. 


5 The district hospital 

CONSULTANT STAFF 

5.1 Much of the heart disease in the United 
Kingdom will present to a cardiologist in a 
district general hospital who usually has a 
commitment to the provision of general 
medical care. Ischaemic heart disease presents 
the greatest proportion in terms of workload 
and use of resources, and the district cardiolo- 
gist has a central role both in prevention and 
treatment. The increasing awareness and 
expectations of the public which were noted in 
the 1985 report continue. In particular, the 
need—often inadequately met—for interven- 
tion in coronary artery and valve diseases has 
placed mounting pressure on the district car- 
diologists who are responsible for the initial 
evaluation. The introduction of coronary 
thrombolysis has increased the need for skilled 
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evaluation and careful follow up of patients 
after acute myocardial infarction. The increase 
in workload, both in scope and in complexity, 
of the district cardiologist limits the time for 
more general medical commitments of the 
appointment. Sessions at the regional cardiac 
centre can offer advantages that include 
improved liaison, better upgrading of special- 
ised knowledge and practical skills, continuity 
of care, and collaboration in follow up after 
surgery or pacemaker implantation. A divided 
commitment may, however, be difficult to 
achieve and should not be undertaken at the 
expense of the principal responsibilities in the 
district general hospital. 

5.2 A realistic appraisal of the needs of a 
district hospital, made over three years ago, 
suggested a requirement for two cardiologists 
per 250 000 population.” It is unfortunate that 
we are scarcely any closer to this goal than at the 
time of the last report: of 83 hospitals in this 
category only 37 have two cardiologists. Indeed 
even in 1990 no less than 41 of 212 district 
hospitals in England and Wales lacked any 
physician with specialised training in cardi- 
ology. This deficiency is not confined to smaller 
health districts. 

5.3 The committee reiterates its recommen- 
dation (a) that fully funded posts in cardiology 
with adequate facilities are developed in all 
district hospitals that lack one and (6) that 
urgent consideration be given to the need for 
two consultant cardiologists in those districts 
where the population exceeds 250 000 with 
greatest priority for parts of the country with 
higher levels of morbidity and mortality from 
heart disease. The target, however, remains the 
provision of one cardiologist per 125 000 
population. This has long been exceeded in 
most other western European countries. 

5.4 An estimate of the total shortfall in posts 
(including both district hospitals and centres) 
agreed by the Manpower Committee of the 
Royal College of Physicians is 150. Even with 
this major addition to staffing levels the United 
Kingdom will still have fewer than 10 posts per 
million population compared with approxi- 
mately 45 per million for the rest of Europe.” 


JUNIOR STAFF 

5.5 It is usual for the district cardiologist to 
have either a registrar or a senior house officer 
who may be part of a general medical rotation. 
The more junior doctor will usually be com- 
pleting general professional training rather 
than starting a career in cardiology and thus the 
opportunity to receive ‘more than a superficial 
training in non-invasive cardiology is limited. 
In these circumstances the trainee will not be 
able to contribute fully to the work of the 
department. This necessarily implies a sub- 
stantial consultant involvement at all levels of 
the service although the use of clinical assistant 
sessions may be a valuable means of providing 
continuity. The use of the staff grade for certain 
types of work such as exercise testing may also 
ease the workload, but this strategy should not 
deflect attention from the need for more consul- 
tant posts. 
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SUPPORTING STAFF 

5.6 Adequate provision of physiological 
measurement technicians and cardiographers 
must be made to deal with the needs of routine 
electrocardiography, ambulatory electrocar- 
diographic monitoring, stress testing, echocar- 
diography, pacemaker implantation where 
performed, and pacemaker clinics. A figure of 
seven cardiological physiological measurement 
technicians per 250 000 population is recom- 
mended.“ The work of cardiological tech- 
nicians may be integrated with that of other 
departments in which case additional staffing 
will be required. 


CARDIAC CARE UNIT 
5.7 ‘There should be a dedicated cardiac care 
unit in all district hospitals, with 6-8 monitored 
beds for the average sized district with a 
population of 250 000, depending mainly upon 
the burden of coronary heart disease within the 
catchment area. The role of the cardiac care 
unit has expanded and may include the care of 
any sick cardiac patient requiring continuous 
monitoring of heart rhythm or haemodynamic 
variables. The unit should be supervised by the 
cardiologists who will be responsible for 
operational policy in agreement with col- 
leagues. There should be facilities for insertion 
of emergency pacemakers and invasive pres- 
sure monitoring; this need implies the avail- 
ability of image intensification within the unit. 
We consider these facilities are necessary for 
the appropriate designation of a ward area as a 
cardiac care unit. The availability of monitored 
beds does not in itself justify this designation. 


PROGRESSIVE CARE i 

5.8 After discharge from the cardiac care unit 
there are advantages for the patient being 
moved to a contiguous, progressive care 
environment. This enhances continuity of care, 
provides opportunity for extended monitoring 
(that is, telemetry) for high risk patients, and is 
helpful both in rehabilitation and teaching. 
Disadvantages relate mainly to non-involved 
medical wards which may experience a reduc- 
tion in the range of their acute care case mix. 
Provision must be adapted to local circum- 
stances and needs. 


6 Regional cardiac centres 

STRUCTURE 

6.1 ‘The major cardiac centres are staffed by an 
integrated team of medical, nursing, and tech- 
nical staff who jointly provide a comprehensive 
diagnostic and therapeutic service usually to a 
population of around 1:5-2 million. The limit- 
ing factor in the provision of care is the ability 
to provide an adequate number of surgical 
procedures for the community served, par- 
ticularly coronary artery bypass grafts 
(CABG). The third joint colleges report 
estimated an annual requirement of 400 to 500 
coronary artery bypass grafts or angioplasties 
per million of the population. A recent study 
suggests that this figure should apply to coron- 
ary artery bypass grafts, with a need for angio- 
plasty in addition” (see 6.4). The range reflects 
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differences in the prevalence of coronary artery 
disease in different parts of the country, which 
depend both on the incidence of the disease and 
the age structure of the population. Whereas 
some clinicians believe this range is an under- 
estimate of need, in practice even this is rarely 
achieved. A further move towards the target 
should result in regional centres undertaking 
up to 1000 coronary bypass procedures 
annually with surgery for valvar and congenital 
heart disease in addition. There is no optimum 
size for cardiac units but the dangers of too 
large an institution providing ‘‘conveyor belt 
medicine”, with a loss of the personal touch, is 
a potential disadvantage for patients. In some 
cases it may be preferable to open a second unit 
in a more populous region rather than risk this 
development. 


SURGICAL SERVICE 

6.2 The regional unit serving 1:5-2 million 
people whould be able to provide between 800 
and 1200 operative procedures each year. This 
workload requires three or four consultant 
surgeons, a senior registrar, at least two regis- 
trars, plus an appropriate senior house officer 
complement of at least four. The consultant 
grade in cardiothoracic surgery is expanding at 
approximately 3% per annum and mainten- 
ance of training grade numbers is of critical 
importance to ensure a steady supply of well 
trained cardiac surgeons both to complement 
this expansion and to fill retirement vacancies. 
Here, it is going to be essential to provide the 
Joint Planning Advisory Committee with well 
argued and updated advice on appropriate 
numbers of senior registrars and registrars to 
meet the expected expansion in consultant 
posts. In units with a paediatric cardiac surgical 
programme additional consultant numbers will 
be needed and two of the consultants should 
have had special training in paediatric cardiac 
surgery and have responsiblity for this aspect of 
the work. 

The number of consultant anaesthetists 
involved in cardiac surgical programmes varies 
from one unit to another but a strong case can 
be made for matching the number of consultant 
cardiac surgeons with an equal number of 
consultant anaesthetists and an appropriate 
number of trainees. This recommendation 
takes into account and acknowledges the 
important role of the anaesthetist in pre- 
operative assessment (including necessary 
involvement in the cardiac catheter labora- 
tory), the lengthy nature of many of the opera- 
tions, and involvement in postoperative care. It 
is important that at least two consultant anaes- 
thetists should be able to regard their in- 
volvement with the cardiac surgical 
programme as their prime responsibility, and 
this is especially so in regard to paediatric 
cardiac anaesthesia. The role of the anaesthetic 
staff in the organisation and conduct of patient 
care in the intensive care unit also varies from 
one unit to another, but the increasing import- 
ance of the anaesthetist in this area needs 
emphasis, whether overall command of the 
intensive care unit remains a surgical or a joint 
responsibility. The successful running of a 
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happy and effective intensive care unit depends 
upon close cooperation between surgeon, 
anaesthetist, cardiologist, and nursing staff, and 
while each unit has to determine its own 
working practices, a chain of command agreed 
between the surgical and anaesthetic staff at all 
levels is imperative. If the intensive care unit is 
run by an “‘intensivist’’, itis necessary to ensure 
that junior surgical and anaesthetic staff receive 
appropriate training in this discipline in the 
same way as would happen if the unit were run 
either by a surgeon or an anaesthetist or as a 
joint undertaking. 

The cardiac surgical programme has to be 
supported by a team of perfusionists. For a 
programme of 1000 cases per year there need to 
be four qualified perfusionists and one or two in 
training. The important role of other support- 
ing staff including personal secretaries and 
operating department assistants should be 
recognised and proper remuneration provided. 

The use of non-medically qualified operating 
assistants, as widely practised in North 
America, is currently under review in the form 
of a pilot study in the United Kingdom. This is 
seen as a development that could be important 
in view of the continuing restrictions imposed 
on the junior staff establishments in most units 
and of the need to provide surgeons in training 
with a balanced programme. 

The facilities should include the dedicated 
use of two operating theatres and occasional 
access to a third. If interference with other 
surgical disciplines and intermittent interrup- 
tion of the surgical programme is to be avoided 
there must be 10 or 12 dedicated intensive care 
unit beds available, together with an appro- 
priate number of general ward beds to ensure 
progressive patient care. 

With some elective, particularly coronary 
artery, surgery it may be possible for units to 
develop a recovery system for selected post- 
operative patients short of full intensive care. 
Some have already done so. ‘This can help to 
relieve some of the pressure on beds in the 
intensive care unit but such recovery units have 
to be well organised with appropriate staff and 
supervision if standards of after care and the 
safety of the patient are to be protected. 

The problem in recruiting and retraining 
nursing staff also needs emphasis. Rotation 
through the various departments of a cardiac 
unit to encourage the development of a pool of 
experienced staff familiar with all aspects of care 
for the cardiac patient can optimise their 
deployment. Wherever possible unification of 
nursing command should be encouraged and 
fragmentation of the nursing budget avoided. 
Measures such as these are seen to be essential 
if serious impairment of cardiac services, due to 
future predictable reduction in numbers of 
nurses, 1s to be avoided. 


MEDICAL SERVICE 

6.3 Approximately twice the number of car- 
diac catheterisation procedures is required to 
provide diagnostic support for a given number 
of patients destined for surgery. An effectively 
run cardiac catheterisation laboratory is cap- 
able of investigating 1000 patients per annum, 
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but angioplasty is more time consuming. A 
major centre therefore needs at least two such 
laboratories. The size of the investigative 
facility within the unit will depend among 
other things on the number of permanent 
pacemakers implanted. Where this is substan- 
tial, an additional suite dedicated to pacing and 
electrophysiological studies is an effective and 
economical alternative to the use of a fully 
equipped catheter laboratory. 

Adequate beds should be provided both for 
investigation of patients and for the care of 
those admitted with cardiological problems. 
The beds required for cardiac catheterisation 
will vary with the proportion of patients inves- 
tigated as day cases. This is steadily increasing 
and is to be encouraged but will be influenced 
by geographical considerations. 

Previous reports have emphasised the need 
for adequate cardiological staffing at consultant 
grade. We endorse earlier recommendations 
for a complement of two cardiologists for every 
cardiac surgeon, which implies a minimum of 
six for the smallest unit and at least eight in the 
ideal major regional unit. The expansion of 
interventional cardiology, notably coronary 
angioplasty, together with increasing aware- 
ness of the hazards of excessive exposure to 
radiation may dictate the need for even larger 
numbers. Adjustments might be appropriate if 
a radiologist or visiting cardiologist is involved 
in diagnostic and interventional procedures. 
The cooperation of a cardiologist, however, is 
strongly recommended for radiologists to 
undertake coronary angioplasty or balloon 
dilatation of valves. 

As the scope and workload in cardiology 
increases as much clinical practice as possible 
should be transferred to the district general 
hospital. Permanent pacemaking can appro- 
priately be undertaken in district general hos- 
pitals provided facilities and expertise are 
adequate and that cover can be made available 
if a single-handed cardiologist is absent from 
the unit. This frees valuable facilities in the 
major units and is more convenient for patients 
and professionally rewarding to the district 
cardiologists. 


CORONARY ANGIOPLASTY 

6.4 Considerable development in percutan- 
eous transluminal coronary angioplasty 
(PTCA) has occurred since the previous 
report. The original indication—resistant 
angina produced by a discrete single vessel 
stenosis—has been expanded, and many 
patients with multivessel and multilesion dis- 
ease can be treated successfully by PTCA. The 
technique has a significant role in the man- 
agement of patients with unstable angina, those 
with continuing ischaemia after myocardial 
infarction, and patients who have already had 
coronary bypass grafts. 

PTCA is usually well tolerated, entailing 
about two to three days in hospital and a quick 
return to full activity. The risks are low and 
would be falling but for the widening indica- 
tions that result in greater hazard from multi- 
vessel disease and poor myocardial function. 
The small mortality—0-4% for single vessel 
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disease in the United Kingdom”—is largely 
related to acute occlusion of the artery during 
or shortly after the procedure. The immediate 
success rate for relief of stenoses should be 
about 90%; that for chronic occlusions is lower. 
Restenosis occurs to a degree that calls for a 
further procedure within six months in about 
20% of patients: repeat angioplasty may be 
performed with a similar risk of restenosis. 

The total need for angioplasty in the United 
Kingdom is hard to define, partly because the 
indications for the procedure are evolving. It 
should be seen as complementary to coronary 
artery bypass grafting (CABG) and not only as 
an alternative form of therapy. In most western 
European countries the number of angio- 
plasties is at least 50% of the number of CABG 
operations; this indicates an immediate need 
for 300 angioplasties per million of the popula- 
tion in the United Kingdom. With constraints 
imposed by limited funding and a shortage of 
trained operators only 127 procedures per 
million of the population were performed in 
1989.” Provision of PTCA must be placed on 
the same formal footing as coronary surgery 
with a designated budget and planning of 
facilities. Cardiac centres should have at least 
two consultant cardiologists or radiologists 
trained in angioplasty so that acute procedures 
can be carried out and other doctors trained for 
the necessary expansion in numbers. 

Surgical cover is required unless surgical 
intervention would be inappropriate. Im- 
mediate coronary grafting is required in about 
2% of procedures in order to deal with acute 
occlusion of large coronary arteries. The time 
within which an operating theatre should be 
available will vary with the nature of the case. 
Surgical cover should normally be provided by 
an operating theatre in the same building and 
future developments should be planned on this 
basis. It may be feasible, however, as an interim 
measure, to use another building or nearby 
hospital if rapid transfer can be achieved. 
Arrangements for cardiac surgery inevitably 
take a short time and transfer should not be a 
limiting factor that puts the patient at further 
risk. 


SPECIALISED ARRHYTHMIA SERVICES 

6.5 ‘Though rhythm disorders may require no 
treatment or only simple treatment, many call 
for special expertise for assessment and man- 
agement. The scope for the successful relief of 
symptoms or for improvement in prognosis in 
patients with refractory or dangerous arrhyth- 
mias has widened since the publication of the 
third joint colleges report. Arrhythmology has 
developed as an important subspecialty of 
cardiology, calling for skills in electro- 
physiology, special purpose pacemakers, cath- 
eter ablation of elements of the conducting 
system, and the use of implantable defibril-~ 
lators. The arrhythmologist must also work 
closely with surgeons who have a similar 
specialised interest because the preferred treat- 
ment for some patients will be surgical, and 
both physicians and surgeons must be involved 
with implantation of defibrillators. These 
activities are complex, requiring the use of 
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specialised equipment and the support of 
trained technical staff, and are justified by the 
striking results. The commitment required for 
the provision of a specialised arrhythmia 
service should not be underestimated because 
investigation is time consuming and can be 
accommodated only where facilities for cath- 


` eterisation are adequate. In terms of surgery, 


we believe that up to 30 operations per million 
population per annum is a reasonable estimate 
for the next decade and that present planning of 
centres should be made on this basis. Whether 
this figure proves to be appropriate depends on 
the assessment of the merits of surgical and 
other methods as the subspeciality develops. 

The committee recommends that every effort 
be made to make these new and successful 
treatments more widely available. 


X RAY SAFETY FOR CARDIAC PROCEDURES 


6.6 The development of coronary angioplasty ` 


has re-emphasised the importance of effective 
radiation protection. The Jontsing Radtations 
Regulations 1985 cover the safety standards for 
the protection of public and workers. They 
state the dose limits and include the require- 
ments for monitoring radiation and the 
appointment of medical physicists who are 
trained as radiation protection advisers and 
supervisors. Each employer (that is, the health 
authority). has a statutory duty to ensure com- 
pliance with the regulations. In practice the 
responsibility usually lies with the district 
general manager; radiation protection advisers 
must be employed both to advise on regulations 
and to review protective measures within hos- 
pitals. The health authority 1s required to 
appoint, in writing, one or more advisors as 
radiation protection supervisors to ensure that 
work is carried out in accordance with the 
regulations. 

Staff working with x rays must be monitored 
to ensure that their doses are as low as reason- 
ably practicable, particularly as the statutory 
dose limits are under constant review. Doses to 
patients need to be monitored periodically to 
ensure that they are also as low as practical and 
are within the guidelines of the Jomsing Radia- 
tion (protection of persons undergoing medical 
examination or treatment) Regulations 1988. 
Protection measures required in hospitals 
include the provision of adequate shielding. 
Consequently any plans for new developments 
should be discussed with the radiation protec- 
tion adviser at an early stage. 


7 Supra-regional specialties 

A supra-regional speciality is defined as a 
clinical activity of such complexity or limited 
application that the service itself cannot justifi- 
ably be provided by every region in the coun- 
try. The Department of Health has agreed to 
provide top slice funding for a maximum of 
nine supra-regional units in any given disci- 
pline. Because there are fifteen health regions in 
England and Wales it is thought that if the 
figure of nine is exceeded then the clinical 
service involved should rightly become a 
regional responsibility and not receive 
preferential funding. 
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TRANSPLANTATION 

7.1 A steady growth in transplantation sur- 
gery has occurred since the time of the last joint 
college report: the number of units recognised 
and funded supra-regionally for this work has 
increased. A balance needs to be struck be- 
tween the aspirations of units not currently 
undertaking transplantation that wish to do so, 
the supra-regional funding concept, and the 
supply of donor organs. 

To date, the controlled development of heart 
and heart/lung transplantation in designated 
centres has been successful and, although it 
may be desirable to see transplantation develop 
into a regional responsibility, for the time being 
it would seem reasonable to continue to limit 
the number of centres. 


NEONATAL AND INFANT CARDIAC SURGERY 

7.2 It is important that the supra-regional 
concept should continue to apply to units 
concerned with surgery for congenital heart 
disease in infants and neonates. Periodic review 
of units undertaking this type of work is 
necessary to ensure that designation is 
appropriate and that both the volume and 
standard of work being carried out justifies 
continued supra-regional funding. 


8 Paediatric cardiology 

8.1 Since the 1979 report of the British 
Paediatric Association Working Party on Car- 
diac Services for Children in England and 
Wales” and the two reports of the Joint Car- 
diology Committee of the Royal College of 
Physicians and Surgeons,'*’ the sub-specialty 
of paediatric cardiology has changed and ex- 
panded considerably. As a result of a crisis in 
staffing in paediatric cardiological units in 1987 
(two new consultant posts and two existing 
posts at that time were not filled because of lack 
of suitably trained applicants), the Royal 
College of Physicians and the British Cardiac 
Society set up a Joint Working Party to ex- 
amine the causes of the problem and to make 
recommendations for the future. This working 
party has completed a report on which the 
following paragraphs are based.” Recognising 
that some of the problems lay in the training of 
doctors for consultant posts, a new schedule of 
training ‘was constructed. 

8.2 Ten new posts and a further 11 replace- 
ment appointments due to retirement or resig- 
nation will have to be made by the end of the 
century. The existing shortfall will continue 
because the six existing senior registrar posi- 
tions are unlikely to cope with the necessary 
replacements. There is no way to solve the 
immediate problem by planning, but health 
authorities should be encouraged to make pro- 
leptic appointments and to send suitable can- 
didates to complete their training before taking 
up full-time employment. 

8.3 Since 1980 the specialty has expanded to 
48 full-time consultants and diversified in its 
activities. Prenatal cardiology is now part of the 
work of a paediatric cardiologist; only the 
practising paediatric cardiologist is able to 
advise the obstetrician and the parents of the 
unborn child as to prognosis for the fetus with 
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congenital heart disease. The new technique of 
fetal echocardiography is difficult and very time 
consuming. 

8.4 Cardiac catheterisation of congenital 
heart disease was expected to diminish with the 
advent of sophisticated non-invasive tech- 
niques such as cardiac ultrasound and magnetic 
resonance imaging. Although many congenital 
malformations are now treated medically or 
surgically without invasive investigation, the 
amount of catheterisation has not fallen— 
indeed, it has increased. This is undoubtedly 
owing to a rise in the number of interventional 
procedures including angioplasty; balloon 
dilatation of valves; transluminal plugging of 
ducts, collateral arteries, and shunts; and more 
recently the closure of septal defects. 

8.5 With the centralisation of congenital 
heart disease management in regional centres, 
affected children may have to travel long dis- 
tances for their follow up and treatment. 
Paediatric cardiologists in supra-regional cen- 
tres attend peripheral clinics throughout their 
catchment areas on at least one day a week. 

8.6 All existing mainland centres whether 
offically designated supra-regional or regional 
that offer paediatric cardiological services serve 
a minimum population of three million people. 
Some of the larger centres serve very large 
populations of five to six million. The commit- 
tee recommends that one consultant paediatric 
cardiologist per million of the population 
should be aimed for in the near future. This in 
effect means that no unit will have less than 
three consultants, very much in line with the 
general recommendations of the Department of 
Health for more junior grades, and particularly 
important in a consultant orientated specialty. 
This recommendation would result in the 
number of consultants in the United Kingdom 
rising from 48 to about 60 to cope with the 
present and future workload. This increase 
cannot be filled from existing senior registrar 
posts and the committee recommends that 
every supra-regional centre should have a 
senior registrar training post—an increase of 
between three and five such positions. 

8.7 Improvements in surgical and medical 
treatment of congenital heart disease have 
resulted in considerable numbers of patients 
surviving into adolescence and adult life. Many 
require special management throughout the 
remainder of their life and supervision of some 
lesions may be required for 50-60 years. 
Patients must be treated by cardiologists 
trained in the appropriate techniques and 
appointed to strategic centres throughout the 
country. A solution would be to train adult 
cardiologists in congenital heart disease and, in 
association with paediatric cardiologists, to set 
up supra-regional centres for the ultimate man- 
agement linked to regional care (supervision) 
clinics, as has been established for paediatric 
cardiology. 


8 Adolescent/adult congenital heart 
disease 

9.1 Probably 60-70% of patients treated for 
congenital heart disease in infancy and child- 
hood reach adult life. The experience at the 
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National Heart Hospital, which has provided 
special facilities for treating adolescents and 
adults with congenital heart disease since 1976, 
shows a change in the reasons for admission 
and increasing age of patients. In the past four 
years the inpatient requirements of patients 
aged 20-30 years have exceeded those of the 
adolescents, as did those of the over 30s in 1989. 
Patients with more complex malformations are 
now surviving beyond childhood to present 
dificult problems for the cardiologist. 
Acquired coronary artery disease and hyper- 
tension are beginning to present problems 
added to those of the underlying congenital 
heart disease. Approximately 50-60% of long 
term survivors have a problem that requires 
cardiac and/or cardiac surgical advice and 
treatment. There are increasing cardiac sur- 
gical requirements for congenital heart disease 
with the expanding need for reoperation of the 
first definitive repair. The need for such re- 
operations continues to the fourth decade and 
provision will be required for the long term 
survivors who require surgery for acquired 
coronary artery disease. 

9.2 Increasing outpatient consultations 
related to the underlying heart disease are 
needed for advice on topics such as contracep- 
tion and pregnancy, employment, insurance, 
driving licences, extracardiac surgery, psy- 
chosocial problems, housing, and even prison 
sentences and necessitate a structured organ- 
isation. An integrated fetal scanning service is 
mecessary since this group has a higher than 
normal risk of fetal abnormality. 

9.3 The optimal care of these patients, par- 
ticularly those with complex disease, should be 
centralised in four or five centres with the 
specialised technology and necessary cardio- 
logical and cardiac surgical skills. The main 
demands, besides adult inpatient facilities, are 
for diagnostic magnetic resonance imaging; 
echocardiography (including transoesophageal 
echocardiography); arrhythmia and failure 
management; and properly timed investiga- 
tion, intervention, and reoperation. At the 
moment relatively few doctors have the ex- 
perience and skills to provide care throughout 
this wide age range in what is a new and 
changing clinical practice. Attention must be 
directed to the provision of appropriately 
trained clinicians. In the immediate future the 
staffing of departments that provide care for 
adults with congenital heart disease will vary; 
some will have adult cardiologists specifically 
trained in the subject while others will rely 
heavily on paediatric cardiologists who con- 
tinue the care of their patients into adult life, 
frequently with the cooperation of an adult 
cardiologist. The important issue is the 
delivery of high quality care to the patient 
rather than the exact designation of those 
involved. 

9.4 Arrangements for the care of these 
patients must be flexible and integrated. Some 
paediatric cardiologists have the training and, 
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essential during the period of establishing 
optimum centralised care. Most patients are 
referred to local cardiologists, but ultimately 
care should be by specially trained cardiologists 
in appropriately equipped centres. Those 
requiring further surgery or with complex 
lesions needing particular advice should have 
the opportunity of reaching supra-regional 
centres, which will require supra-regional 
funding. 


10 Cardiac services for the elderly 

10.1 By the year 2020 it is expected that one in 
five of the population will be at least 65 years 
old. Age alone should not exclude patients from 
potentially useful treatment. The value of 
coronary thrombolysis, pacing, and coronary 
angioplasty are well established in this age 
group. The use of cardiac surgery, with the 
exception of transplantation, has also increased 
in older patients. Changing demography and 
developments in cardiology will need to be 
considered in planning services for the future.” 


11 Cardiac rehabilitation 

11.1 Rehabilitation after myocardial infarc- 
tion or coronary artery surgery is widely prac- 
tised in North America, Europe, and Australia. 
After programmes began in the early 1970s the 
development of cardiac rehabilitation in Great 
Britain and Ireland has been slow, but a 
growing number of programmes have been 
established in the past five years. Nevertheless, 
a survey carried out in 1989 by the Coronary 
Prevention Group showed that of the 210 
health districts in England and Wales only 119 
had cardiac rehabilitation programmes. Of 
these only 61 were supervised by a consultant 
and only 27 by a cardiologist. 

11.2 The physical and psychological effects of 
myocardial infarction or cardiac surgery are 
particularly evident in those in whom the 
disease strikes without warning. Proper coun- 
selling by doctors in hospital or by their general 
practitioners on discharge may do much to 
allay anxiety and encourage the return to 
normal activities. Cardiac rehabilitation 
facilitates this process, both by supervised 
exercise and by group therapy in meeting with 
other patients, so that confidence is restored 
much more quickly. Many studies have shown 
improved exercise capacity and a quicker 
return to work in those who have participated 
in a formal exercise programme than in those 
who have not. 

11.3 In the British Isles, cardiac rehabilita- 
tion programmes have a fairly uniform struc- 
ture with courses beginning two to six weeks 
after the event and continuing for four to 12 
weeks. The usual pattern is graded exercise 
with some circuit training once or twice a week, 
supervised by physiotherapists and a nurse or 
doctor, and with some monitoring of pulse or 
blood pressure. Spouses are encouraged to 
attend and there is generally an opportunity for 
discussion with the dietitian, social worker, or 
psychologist who attends the sessions. 

11.4 The reticence of cardiologists in the 
United Kingdom to become involved in cardiac 
rehabilitation is probably attributable to two 
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issues. First, does cardiac rehabilitation do 
anything to improve prognosis in the long 
term? The answer to this has always been 
equivocal because of patient selection and the 
different types of programme undertaken in 
different countries. Two recently published 
meta-analyses, however, do suggest a 20% 
improvement in prognosis in those who par- 
ticipate in cardiac rehabilitation compared with 
those who do not. 

Secondly, there has been concern about 

safety. Exercising the patient before the myo- 
cardial infarct has fully healed may seem risky, 
but in practice the incidence of serious or fatal 
events is very small, probably of the order of 
one in 100 000 patient attendances. This is 
probably not very different to the event rate that 
occurs anyway in the early phases of recovery 
from myocardial infarction. 
11.5 Cardiac rehabilitation should be a ser- 
vice available throughout the country but at 
present little more than half of patients have 
access to such facilities. Rehabilitation pro- 
grammes are not expensive. Although super- 
vision could be undertaken by any physician 
with the interest and aptitude, a cardiologist 
would be the most appropriate in that he can 
best coordinate rehabilitation with exercise 
testing and the need to assess the patient 
formally for angiography. A crucial aspect of 
rehabilitation is the appointment of one person 
(usually a nurse or physiotherapist) with 
special responsibility for the programme. 


12 Training 
12.1 The training programmes for cardiology 


must take account of the range of skills that are 
now required—from an interventional car- 
diologist in a major centre to the cardiovascular 
physician in a district hospital who may take 
some responsibility for general medicine. The 
core of training should be similar. All trainees 
should acquire expertise in congenital heart 
disease; knowledge of new developments in 
cardiac care that include interventional pro- 
cedures, experience in catheterisation, and 
coronary angiography; skill in arrhythmia con- 
trol, pacing techniques, echocardiography, and 
Doppler; and a sound knowledge of the non- 
invasive tests undertaken by physiological 
measurement technicians. They must also take 
an interest in epidemiology, prevention, resus- 
citation, and rehabilitation. 

12.2 Training in cardiology has always been 
onerous, but it has become more so with the 
technological advances of recent decades. Both 
instruction and experience are necessary, and 
training must be spread over several years if 
reasonable confidence is to be attained in the 
relevant fields within the specialty. At the same 
time due regard must be paid to a broad 
knowledge of general medicine. The current 
recommendations are for a total of at least five 
years training in cardiology after general pro- 
fessional training plus a year at senior registrar 
level in general medicine. In addition, those 
interested in following a career in interven- 
tional cardiology would usually require an 
extra year to acquire the necessary skills and 
experience. Cardiologists with an academic 
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interest may well want to spend one or two 
years in research in addition to the basic 
requirements for a service commitment. The 
recommendations are in line with those of the 
European Community. 

12.3 The current recommendations of the 
Joint Committee on Higher Medical Training 
for training in paediatric cardiology suggest a 
flexible programme, normally occupying four 
years. At least two years should be in a special- 
ist paediatric cardiology centre providing all of 
the experience that is associated with the supra- 
regional centres. It is recommended that either 
during general professional or higher specialist 
training, 6-12 months should have been spent 
in adult cardiology and 1-2 years in paediatrics, 
including six months in a regional neonate unit. 
A revision of these recommendations has been 
considered by a Paediatric Cardiology Working 
Party in order to relate them more closely to 
those for adult cardiology. The normal training 
period would then be increased to occupy six 
years, three at Registrar level and a further 
three at Senior Registrar level. Ideally one of 
these years should be spent in research. These 
recommendations are still under discussion. 


13 Academic cardiology and research 
13.1 Research has an important part to play in 
providing quality in medical services. Increas- 
ingly, it is being appreciated that the scientific 
assessment of treatments (as by clinical trials) 
and medical audit are essential components in 
the advance of clinical practice. Over and above 
this, a research experience is a valuable element 
in the training of physicians, and it is essential 
that both basic and clinical research of excel- 
lence is carried out in British cardiac centres. It 
has become progressively more difficult to 
provide opportunities for those who wish to 
train in research, both because of the lack of 
career posts in the basic sciences and because 
the number of honorary posts for clinical 
research workers is in danger of being severely 
limited by the quotas determined by the Joint 
Planning Advisory Committee. The role of 
research must be taken into account by those 
planning cardiac services and by those concer- 
ned with training. 


14 Audit 

14.1 At its simplest, medical audit involves 
peer review of a department or hospital that 
should encompass all clinical activities includ- 
ing the inpatient and outpatient and diagnostic 
services, and the operating department. It will 
review waiting list times as an indirect indica- 
tion of provision and outpatient waiting times 
as an index of one aspect of quality of service. It 
should permit comparisons between hospitals 
and regions and also differences in national 
provision. 

14.2 National registries on pacemaker im- 
plantation and percutaneous cardiac inter- 
ventional procedures already exist: the British 
Pacing and Electrophysiology Group has 
agreed upon guidelines for peripheral pacing 
clinics, and the Society of Thoracic and Car- 
diovascular Surgeons has since 1977 published 
‘an annual report of cardiac surgical procedures 
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carried out in the United Kingdom. 

14.3 A committee, drawn from members of 
the Cardiology Committee of the Royal College 
of Physicians and the Council of the British 
Cardiac Society has been established to initiate 
and facilitate audit in the specialty. Current 
projects include audits of the management of 
acute myocardial infarction, complications 
from cardiac catheterisation, and proposals 
for audit of cardiac units in district general 
hospitals. 

14.4 All cardiac departments should cooper- 
ate with the audit activities of other specialties 
in their hospitals, hold regular audit meetings, 
and maintain appropriate records. 

14.5 As with many developments in patient 
care audit has resource implications with res- 
pect both to funding and the availability of 
clinicians’ time. The national registries will be 
of greatest importance in identifying levels of 
provision, or its lack, and require to be properly 
supported. 


1 Ro oe of ae of London and the Royal 
of Surgeons of England. Provision of services for 
the. diagnosis and treatment of heart disease in England 
and Wales. Third Report of the Joint Cardiology Commit- 
tee. Br Heart J 1985;53:477-82. 

2 Office of Population Census and Surveys. Mortality Statis- 
tics Series DHI No 17 Table 24. London: HMSO, 1987. 

3 Office of Population Census and Surveys. Deaths by Cause 
1988 registrations Office of Population Census and Surveys 
monitor DH2 89/2. London: HMSO, 1989. 

4 Catford JC, Dillon A, Maryon-Davis A, Morris J, Rose GA, 
Tudor Hart J, et al. Coronary Heart Disease Prevention, 
Action in the UK 1984-1987, National Forum for Coro- 
nary Heart Disease Prevention, Health Education 
Authority. Londan: 1988. 

5 Shaper AG, Cook DG, Walker M, Macfarlane PW. 
Prevalence of ischaemic heart disease in middle aged 
British men. Br Heart J 1984;51-595—605. 

6 Shaper AG, Cook DG, Walker M, Macfarlane PW. Recall of 
diagnosis by men with ischaemic heart disease. Br Heart J 
1984;51:606-11. 

7 Welsh Heart Pro e Directorate. Heart of Wales: 

clinical results of the Welsh Heart Health Survey 1985. 
Heartbeat Report No 20. Cardiff: Heartbeat Wales, 1987. 

8 Office of Population Census and Surveys. Hospital inpatient 
enquiry. HMSO: London, 1986. 

9 Sutton GC. Epidemiologic aspects of heart failure. Am 
Heart J 1990;120:1538—40. 

10 Somerville J. enital heart disease in the adolescent. 
Arch Dis Child 1989;64:771~3. 

11 World Health Organisation Euro Collaborative Group. 
European collaborative trail of multifactorial prevention 
of coronary heart disease: final report of the six year results, 
Lancet 1986;19:869—72., 

12 British Cardiac Society Working Group. on Coron- 
ary Disease Prevention, London, British Society. 
London: 1987. 

13 King’s Fund. Consensus statement on blood cholesterol 
measurement in the prevention of coronary heart disease. 
London: King’s Fund, 1989. 

14 Department of Health. Working for patients. London: 
HMSO, 1989. 

15 Department of Health. The GP contract. London: HMSO, 


16 MacMabou S, Peto R, Cutler J, ef al. Blood pressure, stroke, 
and coronary heart disease. Lancet 1990;335:765-74. 

17 Kannel WB. Update on the role of cigarette smoking in 

coronary artery disease. Am Heart J 1981;101:319-28. 

18 Adgey AAJ, Devlin JE, Webb SW, Mulholland HC. Initia- 
tion of ventricular fibrillation outside hospital in patients 
with acute ischsemic heart disease. Br Heart J 1982;47: 
55-61. 

19 Jaggarao NSV, Sless H, Grainger R, Vincent R, 
Chamberlain DA. Defibrillation at a football stadium: an 
experiment with Brighton and Hove Albion. BMJ 1982; 
3284:1451. 

20 Cobbe SM, Redmond MJ, Hollingworth J, Carrington DJ. 
Heartstart Scotland: initial experience of a nationwide 
scheme for out of hospital defibrillation by ambulance 
crews [abstract]. Br Heart J 1990;65:65. 

21 Marsden AK, Chamberlain DA. Guidelines for cardio- 
pulmonary resuscitation. BMJ 1989;299:442—8. 


116 


22 rt of a working group of the British Cardiac Society. 
iology in the district hospital. Br Heart J 1987; 
§8:537-46. 

23 Chamberlain D, Bailey L, Sowton E, Ballantyne D, Boyle 
DMcC, Oliver M. Staffing in cardiology in the United 
Kingdom 1988. Fifth biennial survey. Br Heart J 1989; 
62:482-7. 

24 MacRae CA, Keywood C, Marber MS, Joy M. The need for 
invasive cardiological assessment and intervention: a ten 
year review. Br Heart J 1991 Gn press). 

25 Hubner PIB on behalf of the British Cardiovascular 
Intervention Society. Cardiac interventional procedures 
in the United Kingdom in 1989. Br Heart J 1991;66: 
467-71. 


PLANTS IN CARDIOLOGY 


Nerium oleander L. 
Gerard J. The Herball. 
London: 1633. 


26 OP, Mann TP, Simpkiss MJ, Joseph MC, Jones RS, 
atson GH. services for children in England and 
Cardiac glycosides 


Foxglove, Digitalis purpurea (Scrophularia- 
ceae), was a traditional English folk remedy for 
dropsy (right heart failure) and its use by an old 
woman in Shropshire and a carpenter in 
Oxford led Dr William Withering to undertake 
his fine scientific study of it from 1775 to 1785. 
But in spite of his advocacy, its use in dropsy 
lapsed in the next 100 years though it was used 
in other diseases such as delirium tremens, 
epilepsy, and tuberculosis. 
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By contrast with its neglect in dropsy, its 
effect on the heart beat gained emphasis. J-B 
Bouillaud lauded it in 1835 as “le véritable 
opium du coeur” and gave it by blistering the 
precordium and covering the area with pow- 
dered digitalis. By 1873 F T Roberts had found 
that digitalis relieved the pulmonary symptoms 
of mitral disease “‘especially when there is great 
irregularity of the heart”. However, it was the 
work of James Mackenzie, a general prac- 
titioner in Lancashire that gave digitalis its 
established position in the treatment of heart 
failure. His 10 year analysis of the venous pulse 
in 500 patients led him in 1902 to identify the 
arrhythmia later shown to be atrial fibrillation 
and to show that digitalis was of particular 
value when “‘.... heart failure was due to the 
excessive rate of the ventricle, the ventricle 
being exhausted for want of rest. . . the effect of 
the drug was at times phenomenal”, He recog- 
nised what Withering had not—that the relief 
of dropsy was directly due to the action of the 
heart. 

A cardiac glycoside was first isolated in 1875 
when digitoxin was prepared from D purpurea. 
Soon afterwards ouabain and strophantin-K 
were isolated from the African trees Acokanth- 
era and Strophanthus which were used as arrow 
poisons. American pioneers learnt from the 
Indians that Apocynum, dogbane, was a 
diuretic and it became known as the vegetable 
lancet because it worked as well as venesection. 
These three genera belong to the family 
Apocynaceae which has six other members 
containing glycosides and also includes the 
genera yielding resperine and the vinca alk- 
aloids. Altogether in twelve plant families there 
are 37 genera with glycosides. One of these is 
the plant used longest as a diuretic, Drimia 
maritima (squill), which is mentioned in the 
Ebers papyrus of 1500 ac. 

I sometimes wonder whether the eminence 
of digitalis has inhibited a thorough evaluation 
of the other glycosides such as the powerful 
Oleandrin found in Nerium oleander (British 
Heart Journal 1985354:258-61). 

A HOLLMAN 
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We start this newsletter with the sadness of 
saying farewell to Dennis Krikler as editor of 
the Brittsh Heart Journal, There are many 
tributes to him in this issue, but we are very 
anxious to add our own words of thanks to 
Dennis who has been a very good friend and 
we owe him a great debt, and he will know 
that the continuing excellence of the journal is 
an enduring tribute to his work. It should also 
be noted in this column that it was Dennis 
who had the happy idea of a monthly news- 
letter from the British Cardiac Society, and 
we believe this provides a valuable service. 

Plans are now well advanced for the society 
to acquire its own offices. Agreement has been 
reached to acquire a Georgian office building 
on the east side of Fitzroy Square, W1. The 
appropriate legal process is underway and the 
purchase should be completed by late 
November.* The society, which is buying the 
freehold of the property, has been advised by 
two international property consultants. 

Fitzroy Square is situated about 400 metres 
from the Royal College of Physicians, just 
south of Euston Road and close to Warren 
Street and Great Portland Street tube sta- 
tions. The square is pleasant and partly 
pedestrianised. The building has a total floor 
area of approximately 4000 square feet with 
four floors and a basement. It was refurbished 
three years ago and many period features are 
present throughout the building. The society 
will be moving into the new offices early in 
1992. Although we are sorry to be leaving the 
facilities of the Royal College of Physicians, 
we are not moving very far away and our close 
links will continue. 

The new premises will provide the society 
with good office accommodation and the 
ability to host small meetings. It is hoped to 
accommodate the editorial offices of the Brit- 
ish Heart Journal in the building. It will also 
provide the society with an opportunity to 
offer increased support to affiliated groups. 
Initially there will be spare office facilities 
which we propose to offer to a friendly 
medical society. It is comforting for the 
society to have a substantial permanent home. 

This month we have contributions to our 
_ newsletter from several of our members. This 
is a society newsletter, and we welcome its use 
by those who have relevant information they 
wish to pass on. 

Keith Fox has written with two items: first, 
medico-legal representation and secondly, 
information on the British Society for Car- 
diovascular Research. 

“The ethical and legal committee of the 
British Cardiac Society proposed that mem- 
bers of the Society who are willing to serve on 
the specialist medico-legal panel of the 
society should submit their names and the 
outline of the area of their expertise so that a 
list of such individuals could be compiled for 
the law societies of England and Wales and 
Scotland. Clearly, no obligation is implied 
and there is no question of exclusivity. The 
legal profession would be free to seek special- 
ist advice, whether or not such an individual 
had volunteered to serve on the panel. 


We are pleased to see that, so far, 85 
cardiologists have put forward their names 
for inclusion in this list and we believe that 
this will permit a more comprehensive and 
representative basis for seeking specialist car- 
diac opinion. If any further members wish to 
be included on the medico-legal panel, fur- 
ther forms are available from the Secretary 
of the British Cardiac Society. Clearly, the 
ethical and legal committee does not think 
that it is appropriate for the committee to 
determine or monitor the areas, or indeed the 
degree, of specialist expertise of individual 
members. Furthermore, a member would be 
free to withdraw from the advisory panel at 
any time. The corollary is that opinions 
expressed by individual members of the panel 
cannot necessarily be interpreted as represen- 
ting the views of the committee or the society. 

In response to a proposal from the British 
Society for Cardiovascular Research, the 
council of the British Cardiac Society has 
agreed to support a lectureship at each of the 
biannual meetings of the British Society for 
Cardiovascular Research. In return, the Brit- 
ish Society for Cardiovascular Research 
would allow members of the British Cardiac 
Society to attend these meetings without 
payment of the registration fees. Information 
about the biannual meetings is included in the 
mailing from the British Cardiac Society. 

After the introduction of only one annual 
meeting of the British Cardiac Society, con- 
cern has been expressed that there may be 
insufficient opportunity for younger inves- 
tigators to participate in academic meeting at 
which original material is presented and dis- 
cussed. The proposals allow just such par- 
ticipation in meetings at which high quality 
basic and applied cardiovascular research 
material is presented. The meetings of the 
British Society for Cardiovascular Research 
and the workshops have been well attended 
and have provoked active discussion. We 
would like to draw your attention to the 
opportunities presented to participate in and 
to submit material for presentation to the 
meetings.” 

Peter Hubner passess on a suggestion for a 
practice that has worked well in his area. The 
Leicester cardiologists have produced small 
stickers that are sent to the general practition- 
ers of patients with valvar or congenital heart 
disease, The stickers can be put on the 
patient’s folder. They state only: ‘“Endocar- 
ditis alert! Blood cultures before antibiotics 
for unexplained fever”. Its simple, easy, and 
cheap. It may also save a lot of anguish in 
some instances. We ourselves believe that in 
time, we would have had the same idea... 

John Goodwin, Chairman of the National 
Forum for Coronary Heart Disease Preven- 
tion writes: “Readers of the newsletter may 
like to have up to date news about the forum 
which was set up (as the National Co-ordinat- 
ing Committee) after the Canterbury con- 
ference in 1983 with the title Action to 
prevent Coronary Heart Disease. The pur- 
pose of the forum is to co-ordinate and 
facilitate the activities of organisations and 
individuals concerned with all aspects of 
coronary heart disease prevention. It has over 
30 member organisations including the Brit- 
ish Cardiac Society, the British Heart Foun- 
dation, the Coronary Prevention Group, 
Action on Smoking and Health, the Coronary 
Artery Disease Research Organisation 
(CORDA), the Chest, Heart and Stroke 
Association, and the British Medical Associa- 
tion. The Royal Colleges are fully represen- 
ted, as are nursing, pharmaceutical, dietetic, 
primary health care organisations; the Health 
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Education Authority; the Health Promotion 
Authority for Wales; the Health Education 
Board for Scotland; and the Health Promo- 
tion Agency of Northern Ireland. Non- 
medical organisations, such as the Sports 
Council and the Trades Union Congress are 
also members. 

Each organisation sends a representative to 
the biannual forum meeting. In addition to 
co-ordinating the activities of its members, 
the forum (which is independent and free to 
express the wishes of its membership) res- 
ponds to their initiatives and suggestions, 
identifies areas of agreement and controversy, 
and surveys the need for action. The forum 
advises the Health Education Authority’s 
Look After Your Heart programme, govern- 
ment, and industry. In addition to the core 
activities, the forum undertakes special 
projects such as workshops, as agreed by the 
membership and the executive committee. So 
far, these have included projects on school 
meals, undergraduate medical education in 
coronary heart disease prevention (in which 
the British Cardiac Society and the British 
Heart Foundation took leading roles), car- 
diovascular health in the workplace, and 
coronary heart disease in women. 
Appropriate member organisations were 
heavily involved in their planning and 
execution. 

Interest and awareness of coronary heart 
disease prevention is steadily increasing 
among general practitioners and primary 
health care workers in all fields. So far 
cardiologists have not always been noted for 
their interest. This is understandable because 
of their heavy load of clinical and research 
responsibilities. But it is vital that they fulfil 
their role, including secondary prevention. 
Further information can be requested and 
suggestions sent to the Forum’s Co-ordin- 
ator, Ms Imogen Sharp, MSc, National 
Forum for Coronary Heart Disease Preven- 
tion, Hamilton House, Mabledon Place, 
London WC1 H9TX (tel: 071 383 7638).”’ 

DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society 
1 St Andrews Place, 

London NW 1 4LB 


* Please note, we have completed our move. Our new 
address ts 9 Fitzroy Square, London WIP SAH. 
Telephona: 071 383 3887; Fax: 071 388 0903. 





NOTICE 





1992 


The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate 
International Centre on 26 to 29 May. The 
closing date for receipt of abstracts was 


3 January. 
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submitted for 
publication. 


General 
Three complete sets of the manuscript (with 3 sets of figures) are submitted (this also applies to 


amended versions). 


E 





The manuscript is typed double spaced throughout on one side only on A4 opaque white bond 
paper with wide margins all around. 


The manuscript is arranged as follows: (1) title page, (2) abstract, (3) text, (4) references, 
(5) legends, (6) tables. Pages are numbered consecutively, beginning with the title page as page 1. 


The last name of the first author is typed at the top right corner of each page. 


A covering letter is signed by all authors stating that they have seen and approved the paper 
and that the work has not been, and will not be, published elsewhere. 
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Title page 
The title and authors’ names are typed on the title page. C] 


Case reports have only three authors. g 


The address(es) of the institutions from which the work originated’ with the authors’ names are 
listed underneath. (If there is more than one address several authors’ names can be grouped 
under each appropriate address; strict order of authors’ names is not necessary here.) E 


The full name, exact postal address with postal code, and telephone number of the author to 
whom communications and proofs should be sent are typed at the bottom, and the editorial 














office must be told of any subsequent changes of address. E 
Abstract 

An abstract is typed double spaced on a separate page. 3 
The abstract is organised according to the framework described on page 1 of the January 1991 
issue. In exceptional cases this may not be necessary—for example, case reports. E 
Abbreviations other than standard SI units of measurement are not used. @ 
Text 

Appropriate headings and subheadings are provided. L] 
Every reference, figure, and table is cited in the text in numerical order. (Order of mention in 

text determines the number given to each.) O] 
Acknowledgments and details of support in the form of grants, equipment, or drugs are typed 

at the end of the text, before references. 

References 

References are identified in the text by arabic numerals; no more than three references are cited 
for any one statement. L] 
References are typed double spaced on sheets separate from the text (numbered consecutively in 

the order in which they are mentioned in the text) in the Vancouver style. E 
Journal references contain inclusive page numbers; book references contain specific page 

numbers. LJ 
Citations of abstracts and letters should be indicated in parentheses. C] 
Personal communications, manuscripts in preparation, and other unpublished data are not cited 

in the reference list but are mentioned in the text in parentheses. i | 
Abbreviations of journals conform to those used in Index Medicus, US National Library of (Q 


Medicine. The style and punctuation of the references follow the format illustrated in the 
following examples: 
Journal: (list all authors if six or less; otherwise list first six and add et al; ao not use full 
stops after authors’ initials) 
31 Balcon R, Brooks N, Layton C. Correlation of heart rate/ST slope and coronary 
angiographic findings. Br Heart J 1984;52:304-8. 
Chapter tn book: 
28 Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss 
AJ, Adams F, eds. Heart disease in infants, children and adolescents. Baltimore: Williams 
and Wilkins, 1968:134—-9. 
Book (personal author or authors): (all book references should have specific page numbers) 
36 Feigenbaum H. Echocardiography. 3rd ed. Philadelphia: Lea and Febiger, 1981:549-63. 





Checklist 


119 


Figure legends 

Figure legends are typed double spaced on sheets separate from the text, and figure numbers 
correspond with the order in which figures are presented in the text. E 
All abbreviations appearing on the figures are identified at the end of each legend. C] 


Written permission from the publisher and author to reproduce any previously published 
figures is included. LI 


Figures 
Three sets of unmounted glossy prints (not originals) of each photograph and drawing are 
submitted in three separate envelopes. {| 


Figures, particularly half tones and electrocardiographic tracings, have been submitted with the 
following guidelines in mind: the detail on the figure is sufficiently clear to withstand reduction 
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Editorial 





Single lung transplantation and pulmonary hypertension 


There are few successful treatments for pulmonary hyper- 
tension. Long-term domiciliary oxygen therapy prolongs 
survival in patients with secondary pulmonary hyperten- 
sion resulting from chronic hypoxic lung disease.’ There is 
some evidence that the quality of life is also improved. For 
primary pulmonary hypertension, which is unexplained by 
cardiac or pulmonary disease, no established medical 
treatment, other than anticoagulant therapy increases 
survival.’ Vasodilatation treatment can improve the quality 
of life‘ and early evidence from the use of long-term 
intravenous infusion of prostacyclin in the most severe 
forms of the disease suggests that survival can be 
increased.” 

Heart-lung transplantation has emerged as a successful 
treatment for a wide range of chronic end stage cardiopul- 
monary diseases, including pulmonary hypertension.’ It 
improves the survival of patients with cystic fibrosis and 
respiratory failure.’ In patients with pulmonary hyperten- 
sion, heart-lung transplantation restores pulmonary 
vascular resistance to normal.® However, the limited 
availability of donors with both lungs suitable for trans- 
plant surgery,” impedes the wider use of this treatment. 
Indeed patients often wait for more than seven months and 
over a quarter die on the waiting list. 

For some diseases, including lung fibrosis and 
emphysema, the development of single lung transplanta- 
tion offers certain advantages over heart-lung transplanta- 


tion.’ It requires only one suitable lung, which may- 


theoretically increase the supply of donor organs. Because 
recipients retain their own hearts, they will not experience 
graft related coronary occlusive disease which limits the 
long-term success of cardiac transplantation.'! Actuarial 
survival after single lung transplantation is approaching 
that after heart-lung transplantation’ so it is with special 
interest we learn of the haemodynamic effects of single lung 
transplantation on the treatment of pulmonary hyperten~ 
sion. Doig et al showed that haemodynamic function 
improved considerably after single lung transplantation for 
moderately severe pulmonary hypertension.” 

This experience encourages the wider use of single lung 
transplantation perhaps limiting heart-lung transplanta- 
tion to patients with cystic fibrosis. It also offers the 
interesting prospect of the use of single lobes of lung for 


transplant surgery. This has already been described in 
three cases of childhood pulmonary hypertension by 
Vaughan Starnes in Stanford, California, and could lead to 
the use of organs from living donors for lung transplanta- 
tion. The partial correction of the physiological abnor- 
mality would have to be sufficient to justify such a 
development. The debate on the ethics of live donation has 
recently been joined” and there is an implicit need to 
balance risks to the donor against the benefits to the 
recipient. At this early stage when results are very limited, 
our judgement perhaps should be guarded. However, if the 
use of single lung transplants grew a further increase in 
donors would be possible, just as single organ transplants 
affected the prospects of renal transplantation.’ 


TIM HIGENBOTTAM 
Papworth and Addenbrooke’s Hospital, 
Cambridge 
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plase (single chain recombinant human tissue- 
type plasminogen activator, rt-PA) has been 
shown to be effective in securing or restoring 
coronary patency, ? in limiting enzymatic 
infarct size and preserving left ventricular 
function,’ ‘and in improving survival‘ in 
patients with evolving myocardial infarction. 
There is limited evidence that alteplase may 
be more effective than other thrombolytic 
agents in securing early coronary patency.*” 
Most clinical trials so far conducted with 
in myocardial infarction have 
included the immediate co-administration of 
heparin followed by a maintenance heparin 
infusion.’**" The rationale for this has been 
the assumption that patients might be par- 
ticularly susceptible to early reocclusion in the 
absence of continuing anticoagulation because 
alteplase has a short plasma half life and 
causes relatively little depletion of plasma 
fibrinogen. Topol and colleagues showed that 
administration of heparin immediately before 
the start of a four hour alteplase infusion did 
not improve patency as assessed by angio- 
graphy 90 minutes after the start of the 
infusion.’ Conversely, the HART (Heparin- 
Aspirin Reperfusion Trial) investigators,’* 
and Bleich and colleagues” showed signifi- 
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Effect of early intravenous heparin on coronary 
patency, infarct size, and bleeding complications 
after alteplase thrombolysis: results of a 
randomised double blind European Cooperative 
Study Group trial 
D P de Bono, M L Simoons, J Tijssen, A E R Arnold, A Betriu, C Burgersdijk, 
L Lopez Bescos, E Mueller, M Pfisterer, F Van de Werf, F Zijlstra, M Verstraete, for the 
European Cooperative Study Group 
Abstract 
Objective—To determine whether con- 
comitant treatment with intravenous 
heparin affects coronary patency and out- 
come in patients treated with alteplase 
thrombolysis for acute myocardial 
infarction. 
Design-—-Double blind randomised 
trial. 
Hospital, ere Treatment regimens—Alteplase 100 
D P de Bono mg (not weight adjusted) plus aspirin 
Thoraxcentrum, (250 mg intravenously followed by 75~  alteplase 
Academisch 125 mg on alternate days) plus heparin 
Foe peas Dijkzigt, (5000 units intravenously followed by 
Netherlands 1000 units hourly without dose adjust- 
M L Simoons ment) was compared with alteplase plus 
es aspirin plus placebo for heparin. 
eee h i T Setting—19 cardiac centres in six 
Netherlands iai European countries. 
A E R Arnold Subjects—652 patients aged 21-70 
C Burgersdijk years with clinical and electrocardiogra- 
De Nera phic features of infarcting myocardium 
Bar in whom thrombolytic therapy could be 
aoa Baer started within six hours of the onset of 
A Betriu major symptoms. 
Hospital Gregorio Main outcome measure—Angiogra- 
San E Madrid, phic coronary patency 48-120 hours after 
L Lopez Bescos randomisation. 
Snaarae Zickenhuis, Results—Coronary patency (TIMI 


Haarlem, Netherlands 
E Mueller 


Department of 
Internal Medicine, 
University Clinics, 
Basel, Switzerland 
M Pfisterer 


Center for Medical 
Research, Katholieke 
Universiteit Leuven, 
Leuven, Belgium 

F Van de Werf 

M Verstracte 


Ziekenhuis “De 
Weez den”, 
Zwolle, Netherlands 
F Zijlstra 


Correspondence to 
Professor D P de Bono, 
Department of Cardiology, 
University of Leicester, 
Clinica) Science Wing, 
Glenfield General Hospital, 
Leicester LE3 9QP. 


Accepted for publicanon 
ll June 1991 


grades 2 or 3) was 83:4% in the heparin 
group and 747% in the group given 
placebo for heparin. The relative risk of 
an occluded vessel in the heparin treated 
group was 0°66 (95% confidence interval 
0°47 to 0°93). Mortality was the same in 
both groups. There were non-significant 
trends towards a smaller enzymatic 
infarct size and a higher incidence of 
bleeding complications in the group 
treated with heparin. 

Conclusions—Concomitant intraven- 
ous heparin improves coronary patency 
in patients with alteplase. Whether this 
can be translated into improved clinical 
benefit needs to be to be tested in a larger 
trial. 


The value of thrombolytic therapy in acute 
myocardial infarction is well established. Alte- 


cantly worse patency rates at 18 hours and 48 
hours respectively in patients given alteplase 
plus heparin placebo compared with those 
given alteplase plus a conventional heparin 
regimen. 

It is important that the present uncertainty 
over the role of concomitant intravenous 
heparin with alteplase thrombolysis should be 
resolved. If heparin is not essential then treat- 
ment can be simplified and bleeding complica- 
tions perhaps reduced. On the other hand if 
early intravenous heparin is important then 
the results of the GISSI 2" and International 
Study Group” trials comparing alteplase with 
other thrombolytic agents may be of limited 
relevance. 

We present the results of a randomised, 
double blind trial designed to compare the 
effect of immediate intravenous heparin with 
heparin placebo on coronary patency in 
patients with clinical and electrocardiographic 
features of evolving acute myocardial infarc- 


wt 
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tion treated with intravenous alteplase plus 
intravenous or oral aspirin. The trial was also 
designed to evaluate the incidence of bleeding 
complications and the effects of heparin treat- 
ment on enzymatic infarct size and the 
prevalence of left ventricular thrombus. 


Patients and methods 

The trial was conducted in 19 centres in six 
European countries under the auspices of the 
European Cooperative Study Group. Centres 
are listed in the appendix. 


ENTRY CRITERIA 

Patients aged 21 to 70 years were recruited if 
they had chest pain typical of myocardial 
infarction lasting for 30 minutes or longer, if 
the necessary electrocardiographic criteria 
were met, and if an infusion of alteplase could 
be started within six hours of the onset of major 
symptoms. The electrocardiographic criteria 
were at least 0-3 mV ST segment elevation 
measured at 60 ms after the J point in two 
precordial leads (V1 to V4), and/or 0:2 mV ST 
elevation in two frontal plane leads or V5 and 
V6, and/or 0-1 mV ST elevation in two frontal 
plane leads or V5 and V6 combined with 
0-2 mV ST depression in two precordial leads 
(V1-V4). All patients were required to have 


‘given informed consent in a form acceptable to 
_ -the ethics of medical research committees of the.. 


institutions concerned. 


EXCLUSION CRITERIA 

Patients were excluded if they had had an 
earlier transmural myocardial infarct less than 
14 days before or a previous infarct in a similar 
location. Patients at increased risk of haemor- 
rhagic complications as defined in previous 
ECSG studie? were also excluded. 
Cardiogenic shock was not an exclusion 
criterion. 


RANDOMISATION 

Patients were registered and randomised by a 
telephone call to a randomisation centre. 
Randomisation was blocked by centre, and 
investigators were instructed to administer a 
“pack” of medication identified by a code 
number. 


TREATMENT PROTOCOL 

Analgesia was given as required. Aspirin was 
administered as a 250 mg intravenous bolus 
(continental centres) or as 300mg orally 
(United Kingdom centres) followed by 75- 
125 mg orally on alternate days. Alteplase 
(Actilyse, Boehringer Ingelheim) was adminis- 
tered intravenously as a 10 mg bolus followed 
by 50 mg over the first hour and 20 mg over 
each of the subsequent two hours. The dose 
was not adjusted for weight. Heparin was 
administered intravenously as a bolus of 5000 
units immediately before the start of the alte- 
plase infusion followed by 1000 units per hour 
until angiography was performed. Heparin 
placebo (dilute albumin solution) was prepared 
in identical vials and given in the same way. 
Adjustment of the heparin dose according to 
haemostatic measurements was not permitted. 
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Guidelines for the correction of haemodyn- 
amic abnormalities were specified. Repeated 
administration of alteplase was permitted in the 
event of clinical reinfarction, with 50 mg of 
alteplase if reinfarction occurred within 24 
hours or 100 mg if it occurred more than 24 
hours after entry. 

Heparin was continued after angiography at 
the discretion of the individual investigator; 
angioplasty or other necessary intervention was 
permitted after angiography at the discretion of 
the operator. Medication at hospital discharge 
and at follow up was recorded. 


ANGIOGRAPHY 

Coronary angiography was done 48—120 hours 
after the start of thrombolytic treatment. At 
least two projections of the right and three of 
the left coronary artery were required. Angio- 
grams were recorded on 35 mm cine film and 
assessed centrally as in previous ECSG studies. 
Infarct related segments were identified from 
the angiographic appearances in conjunction 
with the electrocardiogram recorded before 
randomisation. Patency was reported in terms 
of TIMI grades’ and ECSG stenosis grades.” 


CARDIAC ENZYME ANALYSIS 

Serial blood samples were taken at entry and at 
12, 24, 36, 48, 72, and 96 hours. Plasma was 
separated by centrifugation and the super- 
natant stored at — 20°C before transport on dry 
ice to a central laboratory. Hydroxybutyrate 
dehydrogenase (H BDH) activity was estimated 
in duplicate on each sample and used to cal- 
culate cumulative plasma release (Q(24), 
Q(72)) as a measure of infarct size. The use of 
enzymatic measurements of infarct size as an 
outcome measure is subject to potential bias 
because samples may not be available from 
patients dying within 72 hours. We therefore 
imputed “‘worst case” measurements to these 
patients. 


HAEMATOLOGY 

Serial measurements were made of 
haemoglobin concentration and haematocrit. 
Blood samples were taken for measurements at 
a central laboratory of fibrinogen, activated 
partial thromboplastin time (APTT), and D 
dimer before treatment was started; at 45 
minutes; and at 12, 24, and 26 hours. These 
measurements were made at a central 
laboratory and the results will be reported 
separately. 


ECHOCARDIOGRAPHY 

Cross sectional echocardiography was perfor- 
med 48-120 hours after the start of throm- 
bolytic therapy with the aim of identifying left 
ventricular thrombus. Images were stored on 
videotape and analysed at a central laboratory 
by observers who were blind to the treatment 
allocation. 


HAEMORRHAGIC COMPLICATIONS 

Haemorrhagic complications were recorded in 
case record forms according to preset criteria. 
Major haemorrhagic complications were inves- 
tigated further by supplementary question- 


124 


Table 1 Baseline characteristics for all analysable patients 


genre ch 4 SN NS 





Placebo Heparin 
Characteristic (n = 320) (n `= 324) 
e 56 (26-72) 57 (25-70) 

Mi Mice ee 281 (88) 279 (86) 
Mean (SD) weight (Kg) 75°28 (12°18) 73-64 (11-14) 
Anterior infarct (%)~ 141 (44) 131 (40) 
Previous infarct (%) 17 (5) 20 (6) 
History of angina (%) 166 (52) 179 (55) 
History of hypertension (%) 84 (26) 76 a 
Current smoker (%) 201 (63) 200 (62) 
Systolic blood pressure (mm Hg) (range) 131 (60-220) 134 (60-220) 
Diastolic blood pressure (mm Hg) (range) 84 (50-130) 87 (30-150) 
Heart rate per minute (beats/min) (range) 73 (35-120) 74 (34-150) 
Haemodynamic state (%): . 

Normal 263 (82) 260 (81) 

Right heart failure 5 (2) 6 (2) 

Mild left heart failure 42 (13) 40 (12) 

Overt left heart failure 4 (1) 3(1) 

Shock 6 (2) 14 (4) 
Onset symptoms until start infusion (min) (range) 169 (45—392) 170 (32-380) 
Randomisation until angiography (h) 80 


naires and reviewed by a central clinical events 
committee. 


STUDY END POINTS 

The main end point of the study was the 
centrally assessed angiographic patency of the 
infarct related coronary artery at 48-120 hours. 
Other outcome measures investigated were (a) 
enzymatic infarct size as estimated by the 
cumulative release of HBDH into plasma at 72 
hours (HBDH-Q72); (b) clinical events and 
bleeding complications up to 48-120 hours 
angiography and during the whole hospital 
stay; (c) the prevalence of echocardio-~ 
graphically assessed left ventricular thrombus. 


TRIAL SIZE AND POWER CALCULATION 

Power calculations before the trial started 
indicated that if a patency rate of 80% at 48- 
120 hours was assumed for the group receiving 
alteplase, aspirin, and heparin then a trial size 
of 440 patients would be required to demon- 
strate a 14% difference in patency with 80% 
power at the p = 0-05 level. Assuming at 27% 
incidence of bleeding complications in the 
group receiving heparin, a trial of this size 
would detect a 12% difference in bleeding 
complications with the same power. The 
design allowed for two interim analyses at 100 


Table 2 Perfusion and infarct related stenosis grades at 48—120 hour angiography 


Placebo Heparin 

No angiography performed 21i 14 
Infarct related vessel] not identifiable 15 9 
Angiography not between 48 and 120 hours 31 36 
Perfusion grades (TIMI) (%): 

Non-perfusion (0) 58 (22-9) 32 (12-1) 

Minimal perfusion (1) 6 (2-4) 12 (45) 

Partial perfusion (2) 21 (8-3) 21 (7-9) 

Complete perfusion (3) 168 (66-4) 200 (75-5) 
Stenosis grades (%): 

Total occlusion 58 (22-9) 32 (12-1) 

91-99% stenosis no complete filling 14 (5-5) 21 (7-9) 

91-99% stenosis complete filling 47 (18-6) 41 (15-5) 

50-90% stenosis 118 nee 152 (57-4) 

<50% stenosis 16 (6-3) 19 (7:2) 


093) for non or minimal periuiion (TIMI Q or 1) = 0-66 (95% confidence interval 0-47 to 
Risk ratio for functional occlusion iena grade 5 or 6) 0-7 (95% confidence interval 0-52-0-96) 
TIMI perfusion grades: 0 = no perfusion; 1 = penetration with minimal perfusion; 2 = Partial 
perfusion; 3 = Complete perfusion. ECSG stenosis grades: 0 = no vessel; 1 = <50% 
diameter stenosis; 2 = diameter stenosis between 50 and 90% with complete filling of distal vessel 
within three cardiac cycles; 3 = diameter stenosis between 50 and 90% without com lete filling of 
distal vessel within three cardiac cycles;4 = diameter stenosis > 90% with complete of distal 
vessel within three cardiac cycles; 5 = diameter stenosis > 90% without complete filling of distal 
vessel within three cardiac cycles; 6 = total occlusion. 


de Bono, Simoons, Tijssen, Arnold, Betriu, Burgersdijk, Bescos et al 


and 200 patients by an independent ethics 
monitoring group, with “stopping rules” set at 
patency rates of 80% and <50% for the 
heparin and placebo group respectively for the 
first analysis and 80% and <60% for the 
second analysis (p = 0-02). During the course 
of thé trial it became apparent that the pooled 
patency rate at 48-120 hours for the first 200 
patients was of the order of 78%-—that is, either 
the patency rates for heparin and no heparin 
were very similar, or the initial patency rate 
estimate had been pessimistic. The steering 
committee, without itself having access to the. 
unblinded data but having asked the chairman 
of the independent ethics monitoring group to 
review the safety data on approximately 300 
patients and confirm that there were no ethical 
objections to continuing the study, then 
decided to extend the trial to include 650 
patients. It is accepted that amy alteration in 
trial size after the start of a trial might increase 
the risk of a type 1 error, but we though this was 
more than compensated by the increase in 
precision resulting from an increase in trial 
size. 


STATISTICAL EVALUATION 

Relative risks and 95% confidence intervals 
were calculated according to Gardner and 
Altman.” The Mann-Whitney U test was used 
to compare HBDH activities. 


TRIAL ORGANISATION 

The organisation, coordination, and ethical 
superivision structure of the trial is described 
in the appendix. 


Results 

PATIENT NUMBERS AND BASELINE 
CHARACTERISTICS 

Six hundred and fifty two patients were regis- 
tered and allocated to receive either heparin 
(n = 328) or heparin placebo (n = 324). Eight 
patients were excluded from analysis—six 
because of errors in labelling the trial medica- 
tion in one participating hospital and two 
because case record forms were not returned. 
Two patients aged over 70 were included 
inadvertently and have been retained in the 
analysis. Table 1 lists the baseline characteris- 
tics of all analysable patients (n = 644). These 
characteristics were evenly distributed be- 
tween the groups. Electrocardiographic entry 
criteria were verified by the clinical events 
committee: 11 placebo and 13 heparin group 
patients were judged not to have fulfilled the 
stipulated entry criteria but they were retained 
in the analysis. Six hundred and two patients 
continued their trial medication up to the time 
of angiography (or to 120 hours). Twenty one 
patients in each group stopped trial medication 
before angiography: four in the heparin and 
three in the placebo group died and 14 in the 
heparin and 12 in the placebo group stopped 
because of bleeding, recurrent chest pain, or 
other complications. 


ANGIOGRAPHY 
Central angiographic evaluation was perfor- 
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Figure 1 Histograms 
showing distribution of 
TIMI perfusion grades in 
infarct related vessels and 
ECSG stenosis grades in 
infarct related segments tn 
patients who had 
angiography between 48 
and 120 hours. (Grades 
are defined in the legend to 
‘table 2). 
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Patency (TIMI grade 2 or 3) 


< 48h 





Placebo Heparin 


[| <50% 
WN 50 - 90% 


E= 91 - 99% 


WPA 91 - 99% 





med on cine films from 609 patients (95%). No 
angiography was performed in 14 heparin 
group patients (death seven, complication two, 
refusal one, other reasons four) and 21 placebo 
group patients (death six, EOP PHeRHOn two, 
refusal six, other reasons seven). 

The distribution of infarct related segments 
was evenly balanced between groups. Table 2 
and figure 1 show the perfusion and stenosis 
grades of patients having angiography within 
the specified 48-120 hour interval. Figure 2 
shows the relation between patency and the 
time that angiography was performed. There 
was no significant difference between the groups 
in the proportion of patients having angio- 
graphy at different times. Patency, whether 
assessed by TIMI perfusion grades or by 
ECSG stenosis grades, was significantly better 
in patients allocated to heparin treatment. The 
relative risk of an occluded vessel (TIMI grade 
O or 1) at 48-120 hour angiography in the 
heparin group as compared with the placebo 
group was 0-66, with 95% confidence intervals 
of 0-47 to 0-93. The difference remains when all 
angiograms are considered (patency 83-7% for 
heparin group v 75:1% for placebo, relative 
risk of an occluded vessel 0:65, 95% C.I. 0-47 
to 0-93). Imputing a closed vessel to all patients 
whose angiograms were not recorded does not 
alter the conclusion. 


CLINICAL EVENTS AND REINFARCTION 
Two hundred and sixty nine patients in the 


15 
12 
48-72h 72-96 h 98 -120 h >120h 
Time of anglography 


Figure 2 Means and 95% confidence intervals for TIMI grade 2 or 3 perfusion in 
angiograms performed at different times in heparin and placebo groups. 
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heparin group and 303 patients in the placebo 
group showed enzymatic evidence of myocar- 
dial infarction in the form of a rise in plasma 
creatine kinase to more than twice the normal 
activity. Two hundred and forty four patients 
in the heparin and 251 in the placebo groups 
developed new Q waves consistent with infarc- 
tion. The trends towards reduced frequency of 
enzymatic evidence of infarction and of new Q 
waves in the heparin group were not statis- 
tically significant. 

Table 3 shows the incidence of recurrent 
chest pain, clinical reinfarction, and mortality 
in the two treatment groups: events have been 
divided into those occurring between allocation 
and angiography and between angiography and 
discharge. There was no overall difference bet- 
ween heparin and placebo groups, but there 
was a non-significant trend towards fewer clin- 
ical ischaemic events in the period before 
angiography in the patients receiving heparin. 
A second dose of alteplase was given to 26 
patients—1l1 allocated to heparin and 15 to 
placebo. Twenty one patients received 50 mg 
(eight heparin, 13 placebo) and five received 
100 mg (three heparin and two placebo). 


ENZYMATIC INFARCT SIZE 

Enzymatic infarct size expressed as Qy HBDH 
could be calculated from serial measurements 
in 258 placebo group and 246 heparin group 
patients. Mean Q,, HBDH was 672 units for 
the placebo group and 646 units for the heparin 
group (p = NS). We were able to use 
extrapolated values for missing measurements 
to calculate the infarct size for 309 placebo 
group and 304 heparin group patients: mean 
values for Q HBDH were 659 units and 646 
units respectively (p = NS). Imputing “worst 
case” values to patients who had died gave 
estimates for 313 placebo group and 309 
heparin group patients: 673 units v 646 units 
(p = NS). There was a trend towards reduced 
infarct size of about 4% in patients receiving 
heparin—this did not reach conventional sig- 
nificance levels. The Q,,/Q,. HBDH ratio (a 
measure of the rapidity of enzyme release) had 
mean values of 0-68 for 258 placebo group 
patients and 0-69 for 246 heparin group 
patients (p = NS). 


BLEEDING COMPLICATIONS AND HAEMOSTATIC 
VALUES 

Mean haemoglobin concentrations and 
haematocrit at admission and discharge did not 
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Table 3 Incidence of death, recurrent chest pain, and clinical reinfarction in heparin 
and placebo group patients between allocation and angiography and between angiogra- 


phy and hospital discharge 


Placebo Heparin 
(n= 320) (%) (n= 324) (%) 


` Events between randomtsanon and angiagrapky or 120 hours 


Death 2 ne 4 (1-2) 
Recurrent chest pain* 37 (11-6) 30 (9-3) 
with ST elevation + enzyme rise 3 (0-9) 2 (0-6) 
with ST elevation only 23 (7-2) 21 (6-5) 
other 11 (3-4) 7 (2-2) 
Intracranial bleeding 0 2 (0-6) 
Other intracranial events 0 0 
Other thromboembolic events 0 0 
Events presenting after angiograpky or 120 hours 
Death 9 (2-9) 5 (1-6) 
Recurrent chest pain* 30 (9:4) 31 (9-6) 
with ST elevation + enzyme rise T (2:2) 8 (2-5) 
with ST elevation only 20 (6-3) 22 (6-8) 
other 3 (0-9) 2 (0-6) 
Intracranial bleeding 
Other intracranial events 1 (03) 2 (0-6) 
Other thromboembolic events 1 (0-3) 3 (0-9) 


*Recurrent chest pain occurring before angiography (<120 h) was assessed by the clinical 
events committee; after angiography (or > 120 h) assessment is that of the investigator 


differ \ significantly between groups. Mean 
haemoglobin at admission was 9:5 mmol/l in 
the heparin group (haematocrit 44-2%) and 
9-6 mmol/I (haematocrit 44-1%) in the placebo 
group. The mean lowest haemoglobin concen- 
tration recorded during hospital admission was 
8:3 mmol/l (haematocrit 37-9%) in the heparin 
group and 8-2 mmol/l (haematocrit 38-0%) in 
the placebo group. 

Table 4 lists the incidence of bleeding. com- 
plications occurring between allocation and 
angiography and between angiography and 
discharge. There was a non-significant trend 
towards more frequent bleeding complications 
in the heparin group. Both episodes of 
intracerebral bleeding were verified by com- 
puterised tomographic scanning and occurred 
in patients allocated to heparin. One patient 
developed a left hemiparesis nine hours after 
allocation and survived to leave hospital: the 


Table 4 Incidence of bleeding complications between randomisation and angiography 
and between angiography and discharge 





Placebo Heparin 
{n= 320) (%} (nw 324) (%5) 





Between randomisation and angiogra 


hy: 
Total patients with bleeding ae PAA (%): 


48 (15-1) 57 (17-6) 
Total number of bleeding complications 51 67 
Haematoma at puncture site 25 (7-8) 32 (9-9) 
Haematoma at other site 7 (2-2) 7 (2-2) 
Prolonged bleeding after puncture 5 (1-6) 5 (1:6) 
Prolonged bleeding at other site 1 (0-3) 1 (0-3) 
Retroperitoneal bleed 1 (0-3) 0 
Haemoptysis 0 2 (0-6) 
Haematemesis 4(1-3) 0 
Haematuria 2 (0-6) 8 (2-5) 
Gingival 5 (1-6) 5 (1 6) 
Melena 0 0 
Intracranial bleed 0 2 (0-6) 
Other 1 (0-3) 5 (1-6) 
Between angiography and discharge: 

Total patients with bleeding complications (%4): 9 (2-8) 16 (4-9) 
Total number of bleeding complications 16 
Haematoma at puncture site 9 (2-8) 9 (2-8) 
Haematoma at other site 1 (0-3) l oe 
Prolonged bleeding after puncture 0 2 (0-6) 
Prolonged bleeding at other site 0 0 
Retroperitoneal bleed 0 0 
Hacmoptysis 0 0 
Haematemesis 2 (0-6) 0 
Haematuria 0 2 (0-6) 
Gingival 0 0 
Melena 1 (0:3) 0 
Intracranial bleed 0 0 

ther 1 (0-3) 2 (0-6) 


other developed symptoms 14 hours after ran- 
domisation and died after 19 days. One patient 
allocated to heparin developed neurological 
symptoms three hours before angiography and 
died five hours after angiography from cardiac 
rupture. He was found to have cerebral oedema 
and moderate subarachnoid bleeding at 
necropsy. Both the remaining events occurred 
after angiography and in patients allocated to 
placebo treatment. One had symptoms sugges- 
tive of a transient ischaemic attack five hours 
after angiography, was found to have a menin- 
gioma on computed tomography, and was 
discharged alive. The other had a transient 
ischaemic attack 60 hours after angiography 
and recovered completely. 


LEFT VENTRICULAR THROMBUS 
Echocardiographic assessment of left ven- 
tricular thrombus was attempted in 613 
patients. The central assessment committee 
decided that 532 echocardiograms were tech- 
nically adequate for assessment. Left ventricu- 
lar thrombus was present in 10 patients (3-:7%) 
allocated to heparin and in 18 patients (6-8%) 
allocated to heparin placebo (relative risk 0-55, 
95%. CI 0-26 to 1:16). 


Discussion 

The present study shows that patients treated 
with intravenous alteplase, oral or intravenous 
aspirin, and concomitant intravenous heparin 
had a higher coronary patency rate at 48-120 
hours than patients randomised to receive 
alteplase, aspirin, and heparin placebo. These 
results are consistent with two previous smaller 
studies that also reported enhanced patency in 
patients receiving heparin after alteplase 
thrombolysis,” ° although the absolute differ- 
ence in patency was less pronounced in the 
present study. Coronary patency after throm- 
bolysis depends on two competing time- 
dependent processes—one tending to increase 
perfusion as a consequence of ongoing throm- 
bolytic activity and the other to reduce it as a 
result of continuing fibrin deposition. There is 
no single time point at which angiography will 
give a complete picture of the dynamic balance 
between patency and occlusion. Despite con- 
siderable differences in early patency it has 
previously been shown that late (10-22 day) 
angiography shows little difference in coronary 
patency between patients treated with a throm- 
bolytic agent and patients receiving either a 
placebo or non-thrombolytic treatment such as 
heparin + aspirin or heparin + nitrates;" it is 
likely that angiography in the 48-120 hour time 
window will underestimate rather than over- 
estimate real differences in perfusion over the 
first 24 hours after thrombolysis. Another dif- 
ference between the present study and other 
trials is that we gave a relatively large initial 
dose of aspirin. 

The difference in perfusion rates between 
heparin and placebo groups was similar in 
angiograms performed at different times within 
the 48-120 hour period. The number of 
angiograms performed before 48 hours was 
small, and in these patients early angiography 
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was usually performed for clinical indications 
such as recurrent chest pain. The National 
Heart Institute of Australia study showed that 
patients randomised 24 hours after the start of 
thrombolytic therapy to continue receiving 
intravenous heparin or to receive aspirin plus 
dipyridamole had similar coronary patency 
rates at one week,” and it is possible that any 
beneficial effects of the additional anticoagula- 
tion provided by heparin are shown only within 
the first 24 hours. 

There was a trend towards a smaller 
enzymatic infarct size in the heparin group but 
this did not reach conventional significance 
levels. The difference in enzymatic infarct size 
measured by similar techniques in a previous 
study comparing alteplase plus heparin and 
aspirin with placebo plus heparin and aspirin, 
in which the differences in early patency would 
be expected to be much greater, was 20% . No 
mortality difference between the treatment 
groups was seen and overall mortality was low. 
It is possible that patients recruited to the 
present study might not be fully representative 
of the whole myocardial infarct population. 
This does not invalidate the conclusions about 
patency rates, but it might account for the low 
‘mortality and morbidity observed. A tendency 
to bias recruitment towards less seriously ill 
patients might also dilute any expected dif- 
ference in infarct size. There was no overall 
difference in the incidence of reinfarction be- 
tween the heparin and placebo groups, alth- 
ough there was a non-significant trend towards 
a more frequent recurrence of ischaemia in the 
placebo group between allocation and angio- 
graphy. Similarly, there was no significant 
difference in the incidence of major haemor- 
rhagic or thromboembolic events. However, 
the precision with which a trial of this size can 
predict the true incidence of rare events such as 
cerebral haemorrhage is limited. The pre- 
valence of echocardiographically detected left 
ventricular thrombus was low in both groups, 
with more: thrombi in the placebo group but 
with 95% confidence intervals for relative risk 
including zero. 

Do the results of the present study affect the 
interpretation of the recently completed GISSI 
2" and International Study Group™‘ trials com- 
paring streptokinase and alteplase? ‘These 
protocols randomised patients receiving alte- 
plase and aspirin either to no heparin or to 
subcutaneous heparin starting at 12 hours and 
showed no effect of heparin either on a “com- 
bined outcome” measure or on survival. We 
cannot say whether the GISSI 2 and Inter- 
national Study Group results would have been 
different had alteplase been combined with 
intravenous heparin, but in the light of this and 
other smaller trials it seems that the alteplase- 
alone regimen used was not optimal in terms of 
restoring coronary patency. The relation bet- 
" ween coronary patency and outcome has been 
disputed, but not disproved, and it seems likely 
from our present data that the patency rates 
‘achieved with altéplase alone would be very 
‘similar: to those expected, on the basis of 
previous trials,°° with streptokinase. 

No direct evidence has been presented that 
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the delayed subcutaneous heparin regimens 
used in the GISSI 2 and International Study 
Group trials are comparable with the intra- 
venous heparin regimen used in the present 
study and in several previous trials. High dose 
subcutaneous heparin is capable of inducing 
systemic anticoagulation, but there is a delay 
between its initiation and an optimal anti- 
coagulant effect, and the lack of benefit from 
heparin in the GISSI 2 and International 
Study Group trials may have been a result of 
the specific regimen used.” Possible mechan- 
isms for a beneficial effect of early intravenous 
heparin have been reviewed by White,” and it 
seems likely that aspirin even in relatively high 
dosage is not a complete substitute. 

It is clear that we still have an incomplete 
understanding of the best way to control the 
thrombotic process after successful throm- 
bolysis. The present study suggests that early 
treatment with intravenous heparin does 
indeed contribute to the efficacy of alteplase 
thrombolysis. 
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Figure 2 Plot-of relation 
between baroreflex 
sensitivity (BRS) and left 
ventricular ejection 
fraction (LVEF), ana 
age. 


ASSESSMENT OF SIGNAL AVERAGED 
ELECTROCARDIOGRAM 

This was recorded by a commercially available 
system (Arrhythmia Research Technology, 
model 1200EPX) as described elsewhere.” The 
high pass filter was set at 25 Hz and 100-200 
beats were averaged to achieve a noise level of 
less than 0-4 uV. Recordings were made at day 
six or seven in all patients in sinus rhythm. Late 
potentials were considered to be present if any 
two of the following criteria were present: 
filtered QRS complex > 120 ms, root mean 
square voltage during the last 40 ms of the 
filtered QRS complex < 25 uV ,and duration of 
the filtered QRS complex of > 40 ms after 
voltage fell below 40 uV. 


CORONARY ANGIOGRAPHY 

Coronary angiography was performed in all 
patients with a positive exercise test before 
discharge. The number of coronary arteries 
with significant stenoses of the luminal 
diameter (> 50%) was noted'and patency of the 
infarct artery according to the Thrombolysis in 
Myocardial Infarction Trial (TIMI) scale was 
recorded. Left ventricular ejection fraction was 
calculated with the Mac angio package (Dodge 
formula) using the right anterior oblique view. 


- In those patients who did not undergo angio- | 


graphy the ejection fraction was calculated 


- using radionuclide scanning. A left ventricular. . 


ejection fraction < 40% was considered 
abnormal.‘ 


STATISTICAL ANALYSIS 

Results were compared using the two tailed 
Student’s ¢ test and the y* test with Yates’ 
correction where appropriate. A multiple 
ANOVA procedure was used to assess the 
influence of age and left ventricular function on 
the relation between baroreflex sensitivity and 
clinical events. Homogenicity of variance was 
assessed by Cochran’s C test. To assess the 
relation between baroreflex sensitivity and con- 
tinuous variables simple linear regression was 
fitted. All results are expressed as mean (SD) 
with 95% confidence intervals (95% CIs) 
where appropriate. Statistical significance was 
assumed forp < 0-05. The standard definitions 
for sensitivity, specificity, and positive and 
negative predictive accuracy were used. 
Relative risk was defined as the ratio event rate 
in patients with a positive test:event rate in 
patients with a negative test. 
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Results 

The test group consisted of predominantly 
men; only five women were included and the 
mean age of the population was 56 (9-3) years. 
There was a roughly equal distribution of 
anterior and inferior infarcts (64 v 58) but a 
preponderance of Q wave infarcts (82 v 40). 
Each patient has been followed up for a min- 
imum of one year after infarction and the 
results presented apply to events occurring in 
this year. During this time there were 13 deaths 
and 10 documented life threatening arrhythmic 
events (five patients died suddenly and five 
others were readmitted with sustained ven- 
tricular arrhythmias). 

Twenty four per cent of patients were dis- 
charged on oral f blockade. Coronary revas- 
cularisation was performed in 22% of patients 
(angioplasty or coronary vein grafting) and five 
patients received antiarrhythmic drugs after 
clinical arrhythmic events. 

There were no major complications after 
baroreflex sensitivity testing. In particular, no 
patient developed signs or symptoms of 
myocardial ischaemia or serious ventricular 
arrhythmias and arterial cannulation of the 
femoral and radial arteries was not associated 
with any complications. Minor symptoms were 
common, however, after . administration of 
phenylephrine, with over 95% of the patients 
experiencing either. transient headaches; and 
circumoral or facial paraesthesia. In five 
patients, not reported here, we were unable to 
obtain satisfactory baroreflex sensitivity 
recordings. This was due to frequent ven- - 
tricular extrasystoles during the test (three 
cases), the development of pulsus alternans 
(one case), and paroxysmal episodes of atrial 
flutter (one case). 

Baroreflex sensitivity for the whole popula- 
tion was 7:39 (4-68) ms/mm Hg and there was a 
significantly inverse correlation with age (r = 
— 0:68, p < 0-001) (fig 2). No difference was 
noted in baroreflex sensitivity according to 
anterior infarction (7:36 (5:05) v 6-78 
(5-12) ms/mm Hg, 95% CI — 0-23 to 0:36 NS) 
or the use of thrombolytic agents (7-98 (5-3) v 
6°78 (3-9) ms/mm Hg, 95% CI — 0:9 to 1-5 
NS). 


BAROREFLEX SENSITIVITY, EJECTION FRACTION, 
AND CORONARY ARTERY DISEASE 

The mean left ventricular ejection fraction in 
the study group was 51% (14-4%). Baroreflex 
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Figure 3 Column graphs 
(mean (SD) ) of relation 
between baroreflex 
sensitiotty (BRS), 


single vessel disease etc), 
results of exercise test, 
more than 10 ventricular 
extrasystoles per hour (VE 
10), ventricular repetitive 
forms (REPET), and late 
potentials (LP + ). 
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sensitivity was not correlated with left ven- 
tricular ejection fraction (r = 0-1, NS) (fig 2). 
Of the 83 patients catheterised 38 had single 
vessel disease, 26 had two vessel disease, and 19 
three vessel disease. Baroreflex sensitivity was 
lowest in patients with three vessel disease 
(4:76 (3:5) ms/mm Hg) and this was significan- 
tly lower than in patients with single vessel 
disease (7-66 (5-1) ms/mm Hg v 4-76 (3-5) ms/ 
mm Hg, 95% CI 0-34 to 5-5, p = 0-02) but not 
two vessel disease (6°7 (3-86) v 4°76 (3-5) ms/ 
mm Hg, 95% CI — 03 to 4:1, p = 0-08). 
Infarct artery patency (TIMI grade 2 or 
greater) did not appear to affect baroreflex 
sensitivity (6°87 (4:23) v 6°72 (4:71) ms/ 
mm Hg, 95% CI — 1-9 to 2:2) (fig 3). 


BAROREFLEX SENSITIVITY AND EXERCISE TESTING 
In 71 patients the exercise test was considered 
positive. The mean peak heart rate at exercise 
for the whole group was 136 (18-2) beats/min, 
mean exercise duration was 6:26 (2-12) min, 
and the mean workload achieved was 7:18 
(2-51) MET. Baroreflex sensitivity appeared to 
be significantly lower in those patients with a 
positive exercise test (6-39 (4-0) v 8-74 (5-2) ms/ 
mm Hg, 95% CI 0-7 to 4-0, p = 0-01) and weak 
but significant correlations were noted between 
baroreflex sensitivity and workload expressed in 
METss (r = 0-34, p < 0-0002), exercise dura- 
tion (r = 0:33, p < 0-0003), and the peak heart 
rate achieved at exercise (r = 0:23, p = 0-02). 


BAROREFLEX SENSITIVITY, 24 HOUR 
ELECTROCARDIOGRAPHIC RECORDINGS AND THE 
SIGNAL AVERAGED ELECTROCARDIOGRAM 
Frequent ventricular extrasystoles (> 10/h) 
were noted on long term electrocardiographic 
recordings in 37 patients and in these patients 
baroreflex sensitivity was significantly lower 
(5-9 (5:01) v 7-99 (4-5) ms/mm Hg, 95% CI 0-3 
to 39, p = 0-04). In 28 patients repetitive 
ventricular forms were noted but baroreflex 
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sensitivity though lower was not significantly so 
(6:07 (5-57) v 7:74 (4:4) ms/mm Hg, 95% CI — 
0-4 to 37, p = 0-07). The signal averaged 
electrocardiogram was considered positive in 
22 patients but again no difference was noted in 
baroreflex sensitivity (7:5 (5-9) v 7:3 (4°5) ms/ 
mm Hg, 95% CI — 2:2 to 2:4, NS). 


RELATION OF BAROREFLEX SENSITIVITY TO TEST 
VARIABLES 

In the study population the mean change in 
systolic blood pressure was 28:5 (range 15 to 
36) mm Hg, and the mean dose of phenyle- 
phrine used was 0-32 mg. No correlation was 
noted between baroreflex sensitivity and test 
variables such as the dose of phenylephrine 
used (r = 0-04) or the subsequent rise in 
systolic blood pressure (r = — 0-014) but there 
was a weak correlation between baroreflex sen- 
sitivity and the resting heart rate or RR interval 
(r = 0:282, p = 0-001). We found a significant 
correlation between baroreflex sensitivity and 
the maximum change in RR interval 
(r = 0:513, p = 0-001), but this was not as 
strong as might have been expected. In several 
patients, abrupt rather than gradual changes in 
heart rate occurred during the phenylephrine 
test (fig 4). 


HEART RATE VARIABILITY AND BAROREFLEX 
SENSITIVITY 

For the whole study group the mean value of 
the SDRR was 100 (40) ms, heart rate varia- 
bility index was 26°76 (10-33) ms, rMSSD was 
29-41 (14-66) ms, pNN50 was 6-76 (8:7), and 
the mean RR interval was 845 (144) ms. As 
heart rate variability and barorefiex sensitivity 
are reputed measures of vagal tone, it might be 
expected that strong correlations would exist 
between these measures. In fact no correlation 
was noted between any temporal measure of 
heart rate variability (SDRR, rMSSD, 
pNN5b0, or the heart rate variability index) and 
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Prognostic value of baroreflex sensitivity testing 
after acute myocardial infarction 


T G Farrell, O Odemuyiwa, Y Bashir, T R Cripps, M Malik, D E Ward, A J Camm 


Abstract 

Background—Disturbances of auto- 
nomic function are recognised in both 
the acute and convalescent phases of 
myocardial infarction. Recent studies 
have suggested that disordered auto- 
nomic function, particularly the loss of 
protective vagal reflexes, is associated 
with an increased incidence of arrhyth- 
mic deaths. The purpose of this study 
was to compare the value of differing 
prognostic indicators with measures of 
autonomic function and to assess the 
safety of arterial baroreflex testing early 
after infarction. 

Methods—As part of a prospective 
trial of risk stratification in post- 
infarction patients arterial baroreflex 
sensitivity, heart rate variability, long 
term electrocardiographic recordings, 
exercise stress testing, and ejection frac- 
tion were recorded between days 7 and 10 
in 122 patients with acute myocardial 
infarction. 

Results—During a one year follow up 
period there were 10 arrhythmic events. 
Baroreflex sensitivity was appreciably 
reduced in these patients suffering arr- 
hythmic events (1°73 SD (1-49) v 7°83 (4:5) 
ms/mm hg, 95% confidence interval (CI) 
4:8 to 7:3, p = 0:0001). Significant correla- 
tions were noted with age (r = — 0°68, p 
< 0-001) but not left ventricular func- 
tion. When baroreflex sensitivity was 
adjusted for the effects of age and ven- 
tricular function baroreflex sensitivity 
was still considerably reduced in the 
arrhythmic group (2'1 v 7-57 ms/mm Hg, 
p < 0:0001). Depressed baroreflex sen- 
sitivity carried the highest relative risk 
for arrhythmic events (23-1, 95% CI 7:7 
to 69:2) and was superior to other prog- 
nostic variables including left ven- 
tricular function (10:4, 95% CI 3-3 to 32:6) 
and heart rate variability (10-1, 95% CI 
5-6 to 18:1). No major complications were 
noted with baroreflex testing and in par- 
ticular no patients developed ischaemic 
or arrhythmic symptoms during the 
procedure. 

Conclusions—Disordered autonomic 
function as measured by depressed 
baroreflex sensitivity or reduced heart 
rate variability was associated with an 
increase incidence of arrhythmic events 
in post-infarction patients. Barorefiex 
testing can be safely performed in the 
immediate post-infarction period. 


Established methods of risk stratification in 
post-infarction patients are based on clinical 
features; exercise stress testing; and the 
identification of complex ventricular arrhyth- 
mias, impaired left ventricular function, and 
multivessel coronary artery disease.'* Despite 
such diverse approaches many problems 
associated with the identification and treat- 
ment of patients at high risk of malignant 
arrhythmias and sudden death remain un- 
solved. In an attempt to improve the predic- 
tion of arrhythmic events, novel methods of 
risk stratification including the signal averaged 
electrocardiogram® and programmed ven- 
tricular stimulation® have been evaluated. 
More recently, with growing awareness of the 
key role of neural mechanisms in arrhyth- 
mogenesis, attention has been focussed on the 
prognostic value of autonomic function tests 
such as heart rate variability analysis and 
baroreflex sensitivity.7”° 

It has long been recognised that pro- 
nounced disturbances of autonomic function 
are seen in the acute phase of myocardial 
infarction and during the subsequent con- 
valescent period.'''*? Evidence from human 
and animal studies suggests that the preserva- 
tion of vagal reflexes post-infarction protects 
against the induction of life threatening ven- 
tricular arrhythmias’** and two groups have 
now reported on the value of heart rate vari- 
ability in risk stratification.'°'’ To date, there 
has only been one report on the value of 
arterial baroreflex testing’? performed one 
month after myocardial infarction. The pur- 
pose of this study was to test the feasibility, 
safety, and prognostic significance of baroreflex 
sensitivity testing early after infarction and to 
compare its value with other novel and estab- 
lished prognostic variables. 


Patients and methods 

STUDY POPULATION 

We studied -122 patients admitted to St 
George’s Hospital with an acute myocardial 
infarction. Patients over the age of 70 years or 
those with coexisting valvar heart disease, 
insulin dependent diabetes, arterial hyperten- 
sion (> 160/90 mm Hg), atrial fibrillation, or 
evidence of sinoatrial disease were excluded. 
No digitalis or angiotensin converting enzyme 
inhibitors were used in the study group and f 
blockade was stopped at least 48 hours before 
study. Informed consent was obtained from all 
patients. The end points in the study were 
cardiac death and life threatening arrhythmic 
events including sudden death (Cardiac 
Arrhythmia Pilot Study definition”). Sixty 
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Figure 1 Examples of 
well preserved barorefiex 
sensitivity (10-65 msj 
mm hg) and depressed 
(2-47 ms/mm Hg) in two 
patients after infarction. 
Baroreflex sensitivity 

( BRS ) ts expressed as 


gradient of regression line. 


eight of the patients were also included in 
another study on autonomic function and the 
inducibility of arrhythmias at programmed 
stimulation.” 


BAROREFLEX SENSITIVITY TESTING 
Baroreflex sensitivity was assessed by a 
previously described method.” All patients 
were studied in a fasting and supine state 
between days 7 and 10 (mean 8-2 days). A right 
femoral line (French gauge 8) was used to 
record continuous arterial pressure with simul- 
taneous recording of a single elctrocardiogram 
lead at 25 mm/s. In 11 cases a radial line 
(French gauge 14) was used. After a period of 
rest when both blood pressure and heart rate 
values were stable a bolus of phenylephrine was 
injected intravenously over 15 seconds via a 
peripheral vein. An initial test dose of 0-2 mg 
was given, followed by progressively larger 
doses until a rise in systolic blood pressure of 
between 15 and 40 mm Hg was obtained. The 
test was repeated until at least three recordings 
were made using the optimum bolus dose. 
Baroreflex sensitivity was calculated by plotting 
the beat to beat change in RR interval against 
the beat to beat change in systolic blood 
pressure (baseline systolic — preceding systolic 
blood pressure). A linear regression analysis of, 
these points-was performed for the first sus- 
tained rise in blood pressure and baroreflex 
sensitivity was then estimated as the value of 
the slope from the regression analysis. 

Only regression lines with a correlation co- 
efficient greater than 0:8 were accepted for 
analysis. At least three such slopes were cal- 
culated for each patient and the mean of these 
was taken as the baroreflex sensitivity and 
expressed in ms/mm Hg. During the pro- 
cedure patients were asked to breathe at a 
normal rate and to avoid slow or forced respira- 
tion. According to the work of La Rovere et al 
a baroreflex sensitivity of less than 3-0 ms/ 
mm Hg was considered depressed."* Figure 1 
shows examples of normal and depressed 
baroreflex sensitivity in  post-infarction 
patients. 


ANALYSIS OF 24 HOUR ELECTROCARDIOGRAPHIC 
RECORDINGS 

All of the Holter tapes in the sample population 
were analysed using the Marquette 8500 scan- 
ner running version 5-7 of the Marquette 
arrhythmia analysis program allowing detec- 
tion of normal sinus beats and supraventricular 
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and ventricular extrasystoles. After automatic 
analysis of the tape, the data file was visually 
reviewed and edited by three of us (TF, YB, 
OO). In particular the histogram of normal to 
normal RR intervals was reviewed and the 20 
longest and 20 shortest RR intervals were 
examined to ensure correct recognition. More 
than 10 extrasystoles in any one hour was 
regarded as abnormal on the basis of the MPIS 
study.‘ 


HEART RATE VARIABILITY ANALYSIS 

Heart rate variability analysis was performed 
by running the Marquette heart rate variability 
analysis program. Four methods of temporal- 
domain analysis were used: the standard devia- 
tion (SD RR) and root mean square successive 


' difference (r(MSSD) ofall normal RR intervals, 


the percentage of all normal RR intervals 
exceeding the adjacent RR intervals by greater 
than 50% (pNN50), and the heart rate varia- 
bility index were calculated. The method used 
to derive the heart rate variability index has 
been previously described”! and involves the 
digitising of the whole 24 hour electrocar- 
diographic recording at an analogue to digital 
(A:D) sampling rate of 128 Hz and transfer to a 
personal computer (IBM PC-AT). The fre- 
quency distribution of durations of normal to 


normal RR intervals-is constructed’ and heart * ` 


rate variability index is expressed in milli- 
seconds as the baseline width of the distribu- 
tion curve measured by the method of mini- 
mum square difference interpolation. This 
method is less liable to recording noise and 
misrecognition artefact.” On the basis of pre- 
vious research, SDRR of less than 50 ms was 
considered depressed’® and the heart rate 
variability index was dichotomised at 16 ms 
(mean minus 1 SD). 


EXERCISE PROTOCOL 

Each patient underwent a symptom limited 
exercise test before discharge. In most cases 
this was according to the Bruce protocol 
although in eight patients a modified Bruce 
protocol was used. Those patients unable to 
exercise for reasons such ag early post-infarc- 
tion angina or impaired ventricular function 
were considered to have a positive test. Exer- 
cise testing was considered positive if a patient 
developed anginal chest pain, ST segment 
depression of greater than 1-5 mm, a failure of 
systolic blood pressure to rise by greater than 
10%, or inability to complete stage one of the 
exercise protocol. 
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Figure4 Plot of relation between baroreflex sensitivity (BRS) and variables associated 
with phenylephrine test including resting RR interval, change in systolic blood pressure, 
dose of phenylephrine used, and change tn maximum RR interval. 


Figure5 Column graph 
(mean (SD) ) of BRS 
according to clinical 
events. Arrhythmic events 
include sudden deaths and 
ventricular fibrillation. 
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baroreflex sensitivity. A weak correlation was 


noted, however, between the maximum RR 
interval change during baroreflex testing and 
the pNN50 index (r = 0:35, p = 0-04). 


BAROREFLEX TESTING AND EVENTS 

Barorefiex sensitivity was appreciably de- 
pressed in those patients (n = 10) suffering 
arrhythmic events including sudden death 
(1:75 (1-49) v 7-89 (4:53) ms/mm Hg, 95% CI 
4-8 to 7-3, p = 0-0001) (fig 5). A MANOVA 
procedure was performed to assess the effects of 
age and left ventricular function on the relation 
between baroreflex sensitivity and arrhythmic 


Table 1 Results of MANOVA analysis 
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events. After allowing for these possible 
influences, baroreflex sensitivity was still sig- 
nificantly reduced in patients suffering arrhyth- 
mic events (2:1 v 7:-57ms/mmHg, p < 
0:0001). Although age hada significantinfluence 
on the relation between baroreflex sensitivity 
and arrhythmic events (t value — 6°07, p < 
0:0001), no such relation was noted for left 
ventricular function (t value — 1-650, NS) 
(table 1). 

When we confined the analysis to patients 
suffering sudden death (n = 5), baroreflex 
sensitivity was still significantly lower (2-34 
(1:9) v 7-54 (4:67), 95% CI 1-1 to 9-3, p = 
0-001). When all cause cardiac mortality (n = 
13) was considered, baroreflex sensitivity was 
lower but not significantly so (5-9 (3-78) v 7-49 
(4:79), 95% CI — 1:14 to 4-3, NS). 


COMPARISON OF BAROREFLEX SENSITIVITY, 
HEART RATE VARIABILITY, AND OTHER 
PROGNOSTIC VARIABLES IN THE PREDICTION OF 
ARRHYTHMIC EVENTS 

The heart rate variability index (15-6 (6:5) v 
27-8 (10-1) ms, 95% CI 9-8 to 15-4, p = 0-001), 
pNN50 (2-7 (2:94) v 7-2 (9-0)%, 95% CI 2-0 to 
6:7, p = 0-005), and SDRR (60 (24) v 101 
(37) ms, 95% CI 15 to 67, p = 0-001) were all 
significantly lower in patients suffering arrhyth- 
mic events. For all cause mortality only the 
heart rate variability index was significantly 
reduced (20:1 (7-6) v 27-6 (10-4) ms, 95% CI 
1-6 to 14-3, p = 0:007). Table 2 summarises the 
results of investigations in patients suffering 
differing clinical events and table 3 gives the 
prognostic value of baroreflex sensitivity com- 
pared with differing measures of heart rate 
variability and other established prognostic 
variables. It can be seen that depressed baro- 
reflex sensitivity is a superior predictor 
of arrhythmic risk compared with any other 
variable. 


Discussion 

Several studies have now drawn attention to 
the disturbances of autonomic tone that occur 
in both the acute and recovery phases of 
myocardial infarction." More recently the 
role of heart rate variability, a non-invasive 
index of parasympathetic activity, in risk 
stratification has been examined in two large 
studies. These have led to the hypothesis that 
the impairment or loss of vagal reflexes may 
predispose to arrhythmic events or sudden 
deaths.'°'’ As the arterial baroreceptors are 
predominantly responsible for changes in heart 
rate it has been suggested that baroreflex sen- 


Adjusted BRS means for the effects of age and LVEF 






DF F Value p Value Observed mean {msjmm He) Adjusted mean (ms/mm Hg} 
Arrhythmic event ] 15-7 < 00001 1-75 
Covariates 2 18-79 < 00001 
Constant ł 54- < 0-0001 


No arrhythmic event 


Regression for covariants: LVEF t = — 1-650; agert = — 6-097, p m 0-0001. 
DF, degrees of freedom; LVEF, left ventricular ejection fraction; BRS, baroreflex sensitity. 








134 Farrell, Odemuyiwa, Bashir, Cripps, Malik, Ward, Camm 


Table 2 Summary of investigations according to clinical events 
LLL NOT itt NNN NNRN NRE RN EERO TET 


BRS 





(mimm Hg; HRV SDRR HRP index LVEF% ETT ‘SAECG VEIO 
Event mean (SD) ) (ms; mean (SD) } (ms; mean {SD} ) (mean (SD) ) (% positive} = ($6 positive} (% positive) 
Sudden death i 
Pec = oe 2:3 (1-9) v 7-5 (4-7)** 65 (26) 0 99 G8)t 17-9 (7-5) o 27-2 (10-3)}t 33 10 6) 6 5154-18 80058 60 v 16 80 0 28 
events 
im = Ta 181-5)0794@5)t 60 (24) o 101 G7)** 156(65)v278(101p* 33 (9-4) u 52 G4ytt 80 v 57 700 13 80 0 25 
(n = 13) 5-9 (3-8) v7-5(48) 75 (39)v 10037) -20-1 (7-6) v 27-6 (10-4)Y_— «41 (18) 0 5213-7)" 69058 31017 540 28 





BRS, baroreflex sensitivity; HRV, heart rate variability; LVEF, left ventricular ejection fraction; ETT, exercise tolerance test; SAECG, signal averaged 
electrocardiogram; VE10, greater than 10 extrasystoles in any hour on long term electrocardiographic recording. 
*p = 0-05; tp = 0-046; t p = 0-04; § p = 0-02; {p = 0-007; + = 0-001; tt p = 0-0001. 


Table 3 Comparison of different prognostic variables in the prediction of arrhythmic events 





i Sensitivity Specificity Positive predictive 
Variable (%) (A) accuracy (%) Relative risk (95% CI) 
Exercise test positive 80 42:9 11 2-8 (1-8-9) 
Late porentials 70 84-7 28 9-1 §3-9.-20-9) 
Ventricular ectopics > 10/h 80 75 22 20-6 (11-37-1) 
Repetitive forms 80 82-1 28-6 13-4 ER 
HRV SD RR < 50 ms 60 94 55 10-4 (5-6-18-1) 
HRY index < 16 ms 50 88-4 27:7 5-77 (3-0-11-1) 
BRS < 3-0 ms/mm Hg 80 91 44 23:1 (7:7-69-2) 
LVEF < 40% 80 76°8 23-5 10-4 (3-3—32-6) 


BRS, baroreflex sensitivity; LVEF, left ventricular ejection fraction; HRY, heart rate variability; SD RR, standard deviation of 


normal RR intervals 


sitivity testing may provide a more sensitive 
and accurate assessment of autonomic function 
in patients after infarction. An earlier study 
from this department showed that depressed 
baroreflex sensitivity is associated with an 
increased induction of ventricular arrhythmias 
at programmed ventricular stimulation.” This 
finding is supported by the work of Schwartz 
and colleagues with a canine post-infarction 
model.” ” 

The present study adds to an increasing body 
of evidence supporting a link between dis- 
ordered autonomic function and sudden death. 
La Rovere et al have previously reported on the 
prognostic significance of baroreflex sensitivity 
testing in a smaller group of patients tested one 
month after myocardial infarction’ and a 
strong correlation was noted between de- 
pressed baroreflex sensitivity and cardiovas- 
cular mortality but our present study is the first 
to have compared the value of baroreflex sen- 
sitivity and heart rate variability testing soon 
after infarction. This is particularly important 
as many arrhythmic events and sudden deaths 
occur in the immediate weeks after discharge.’ 
By delaying the investigation, many events will 
be missed, consequently biasing the value of 
the test. 


BAROREFLEX SENSITIVITY TESTING: TECHNICAL 
CONSIDERATIONS 

Of particular importance is the finding that the 
phenylephrine method of baroreflex sensitivity 
assessment is safe and well tolerated in the 
immediate post-infarction period, although 
many patients did suffer transient minor side 
effects. Until recently the method was labour 
intensive and involved intra-arterial cannula- 
tion, consequently restricting its use in clinical 
practice. The development of reliable, non- 
invasive blood pressure monitoring by infrared 


photoplethysmography coupled with on line 
methods of analysis has largely solved these 
problems. 

Baroreflex sensitivity seems to be indepen- 
dent of test related variables in the post-infarc- 
tion population apart from a weak correlation 
with the resting RR interval. Whereas these 
findings are similar to those of La Rovere et al 
they are at variance with previous studies in 
non-infarct patients.” Also, several patients in 
the present study had abrupt rather than the 
gradual changes in heart rate normally seen 
after the phenylephrine baroreflex test. These 
findings may represent further indirect evi- 
dence that the autonomic control of heart rate is 
disturbed after infarction. Care must be taken 
in extrapolating the results of baroreflex sen- 
sitivity testing in a controlled laboratory setting 
to a physiological state involving physical 
activity and ischaemic challenges. The baro- 
reflex is not static, but instead exhibits dynamic 
resetting of its threshold, set point, and gain.” 
Other autonomic reflex arcs may also be impor- 
tant. For example, in the canine experiments 
performed by Schwartz and colleagues, those 
animals not liable to arrhythmias during 
ischaemic, challenges not only exhibited well 
preserved baroreflex sensitivity but also pro- 
nounced heart rate changes during the 
ischaemic challenge, thought to be mediated by 
the Von Bezold-Jarisch reflex. 


BAROREFLEX SENSITIVITY AND CLINICAL 
CORRELATES 

An important observation was the lack of 
correlation between baroreflex sensitivity and 
left ventricular ejection fraction, which has 
been noted previously.'® This may at first seem 
surprising but reports of a relation between 
baroreflex sensitivity and ventricular function 
are confined to studies of congestive heart 
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failure,” a condition that was absent in our 
patients at the time of testing. Left ventricular 
dysfunction may also manifest itself as abnor- 
malities in wall motion and the resulting dif- 
ference in wall stress might result in increased 
afferent sympathetic activity (particularly in 
anterior infarction where sympathetic fibres 
predominate). Although it has been suggested 
that baroreflex sensitivity may correlate better 
with regional wall motion abnormalities rather 
than a global index of ventricular function, a 
small pilot study has failed to support this 
hypothesis.” 

Our finding that baroreflex sensitivity was 
lower in patients with a positive exercise test 
may be related to the classification of some tests 
as positive on the basis of poor exercise toler- 
ance or haemodynamic response, particularly 
as there was a weak but significant correlation 
between baroreflex sensitivity and exercise 
duration/workload. Unlike La Rovere et al we 
did not find significant differences in baroreflex 
sensitivity according to infarct site or the 
presence of Q waves, although there are theor- 
etical reasons why such differences may exist. 
The distribution of chemoreceptors and pres- 
sure receptors favours the inferoposterior 
region whereas parasympathetic fibres pre- 
dominate in the subendocardial- layer.” * The 
precise anatomical location of infarcts and 
quantification into transmural and subendo- 
cardial infarcts on electrocardiographic criteria 
is known to be inaccurate, however, and pre- 
vious studies have produced conflicting results. 
Webb et al found autonomic function to be 
significantly more depressed in anterior infarcts 
whereas La Rovere et al noted the reverse.'° ® 

The finding ofa more pronounced depression 
of baroreflex sensitivity in patients with multi- 
vessel disease is also in agreement with pre- 
vious studies of both baroreflex sensitivity” and 
heart rate variability” after infarction. No clear 
explanation for this finding is available, but 
multivessel coronary artery disease might be 
associated with more extensive myocardial 
damage or ischaemia, resulting in destruction 
of ventricular chemo and baro receptors 
and alterations of afferent parasympathetic 
transmission. 


BAROREFLEX SENSITIVITY AND HEART RATE 
VARIABILITY 

The lack of correlation between temporal 
measures of heart rate variability and baroreflex 
sensitivity is not unexpected as it has been 
_ suggested that baroreflex sensitivity and heart 
rate variability may examine different but 
complementary components of the parasym- 
pathetic nervous system. Consequently the 
prognostic value of these tests may differ con- 
siderably. In this study, baroreflex sensitivity 
was significantly reduced only in those patients 
with arrhythmic events, whereas the heart rate 
variability index was significantly reduced 
when either arrhythmic events or cardiac mor- 
tality was analysed. Bigger et al have studied 
the relation between baroreflex sensitivity and 
frequency domain analysis of heart rate varia- 
bility in 32 patients after infarction. They 
found only a moderate correlation between 
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baroreflex sensitivity and the high frequency 
component of the normal RR interval power 
spectrum but they concluded that the associa- 
tion was not strong enough to make baroreflex 
sensitivity testing redundant.” It should be 
stressed that reduced heart rate variability does 
not necessarily predict reduced baroreflex sen- 
sitivity and important information may be 
obtained from both tests. Temporal measures 
of heart rate variability may represent primary 
tonic vagal activity whereas baroreflex sensi- 
tivity represents the maximum response of the 
autonomic nervous system to barostress, which 


may be of particular importance in protecting 


myocardial electrical stability.’ This finding 
may account for the disparity between heart 
rate variability and baroreflex sensitivity in our 
study. The pNN50 index has been reported to 
be the most sensitive heart rate variability 
measure of parasympathetic tone” and might 
have been expected to correlate with baroreflex 
sensitivity. Although it did not, there was a 
significant correlation between the pNN50 and 
the maximum change in RR intervals on baro- 
reflex sensitivity testing. 


BAROREFLEX SENSITIVITY AND ARRHYTHMICG 

RISK 

The striking feature of our study is that baro- 
reflex sensitivity testing was a very strong 
marker of arrhythmic risk. Patients with 
depressed baroreflex sensitivity (< 3-0 ms/ 
mm Hg) had a relative risk for arrhythmic 
events during follow up of 23-1, superior to any 
other variable including the different measures 
of heart rate variability and conventional inves- 
tigations. In particular baroreflex sensitivity 
was a much better indicator of arrhythmic 
propensity than impaired left ventricular func- 
tion (relative risk 10-4) or frequent ventricular 
extrasystoles (relative risk 20-6). It is of note 
that baroreflex sensitivity was reduced in 
patients with frequent ventricular extrasystoles 
and repetitive forms on long term electro- 
cardiographic recordings, markers of arrhyth- 
mic potential. 

It is well recognised that the electrical 
stability of the myocardium is influenced by 
both divisions of the autonomic nervous sys- 
tem. Sympathetic or adrenergic stimulation is 
known to reduce ventricular refractoriness and 
fibrillation threshold and to increase the pro- 
pensity to arrhythmias; it may also produce 
afterdepolarisations and triggered activity.” 
Vagal stimulation opposes these effects, prolon- 
ging ventricular refractoriness and reducing 
the effects of adrenergic stimulation.” Indeed, 
the inhibitory effects of vagal stimulation are 
more pronounced in the setting of adrenergic 
stimulation than as an isolated stimulus.” Nor- 
mally, afferent nerve transmission from the 
arterial baroreceptors to the higher centres 
results in inhibition of the sympathetic outflow 
while concomitantly increasing efferent para- 
sympathetic activity. Myocardial infarction 
may interfere with this mechanism in several 
ways. Denervation of the myocardium as a 
consequence of infarction may produce several 
effects: areas of myocardium may become 
supersensitive to catecholamines and the de- 
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Table4 Summary of investigations in patients with arrkythmic events 
i iii te cern ee 





f BRS HRV SDRR HRV index 
Patient No Event {ms/nen Hg) (ms) (ms) LVEF% ETT SAECG VEIO CAD 
1 VT 1-42 32 17:0 22 + — + 1 
2 VT 2:32 35 86 45 + + + 3 
3: VT 0-6 34 9-2 39 + + + 2 
4 SD 4°6 67 17-3 47 + + + 1 
5 SD 3-2 46 12-4 39 — — mane 2 
6 SD 0-3 68 18:7 33 + + + 3 
7 SD 24 90 29:9 26 + — + I 
8 SD . 0-5 31 11-0 20 + + + 1 
9 VT (7 45 16:5 35 — + mee 1 
10 VT 1+] TT 270 27 + + + 3 





BRS, baroreflex sensitivity; HRV, heart rate variability; LVEF%, left ventricular ejection phigh eae exercise tolerance test; 


SAECG, signal averaged elctrocardiogram; VE10, 


er than 10 extrasystoles in any one hour on long term electrocardiographic 


recording; CAD, number of diseased arteri cs; VT, representation with sustained ventricular ythmias; SD, sudden or 


arrhythmic death; +, positive; —, catia 


struction of afferent neural fibres and receptors 
may result in the impairment and loss of 
protective cardiac reflexes producing a tend- 
ency towards electrical instability.” ** Lowered 


' baroreflex sensitivity can lead to increased sym- 


pathetic drive with decreased vagal activity, a 
situation encouraging the genesis of ventricular 
arrhythmias particularly in the setting of myo- 
cardial ischaemia. . 
Table 4 gives details of each arrhythmic 
event and shows that conventional risk factors 
would have failed to identify several cases. Not 
all patients had impaired ventricular function 
or multivessel disease and markers of electrical 
instability were absent in several cases. Auto- 
nomic function and in particular baroreflex 
sensitivity was considerably reduced in all 
patients. Although patient 4 had a baroreflex 
sensitivity of 4-6 ms/mm Hg, this was still well 
below the group mean and would be considered 
low for a 36 year old man. Whether baroreflex 
sensitivity is an independent predictor of 
arrhythmic propensity will require further in- 
vestigation involving a larger group of patients. 
When adjusted for age and ventricular function 
baroreflex sensitivity was sull significantly lower 
in the arrhythmic group, however. It is hoped 
that a large multicentre trial (Autonomic Tone 
and Reflexes After Myocardial Infarction, 
ATRAMI) will answer these questions. 


Conclusion 

This paper draws attention to the association 

between autonomic tone, arrhythmic risk and 

death after infarction. Baroreflex sensitivity 

assessment is safe and can be performed soon 
after infarction. It provides different but com- 
plimentary data to heart rate variability and in 
our present study the prognostic value of 
baroreflex sensitivity appears to be independent 
of the effects of age and left ventricular function. 
Its precise value as an independent predictor of 
arrhythmic events and its relation to other 
prognostic variables will require further inves- 
tigation. Such studies, including the ATRAMI 
trial, are in progress. 
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Immediate and long term results of percutaneous 
coronary angioplasty in patients aged 70 and over 


Peter de Jaegere, Pim de Feyter, Ron van Domburg, Haryanto Suryapranata, 


Marcel van den Brand, Patrick W Serruys 


Abstract 

Objectrve—To study the immediate and 
long term clinical success of percu- 
taneous transluminal coronary balloon 
angioplasty in patients over 70 years old. 

Design—Patients undergoing percu- 
taneous transluminal angioplasty were 
prospectively entered in a specially de- 
signed database. The clinical and angio- 
graphic data of all patients over 70 were 
reviewed. Follow up data were collected 
by interview during outpatient visits, by 
questionnaire, or through the referring 
physician. 

Setting—A tertiary referral cardiac 
centre. 

Patients—166 patients over 70 (median 
73, range 70-84) underwent coronary 
angioplasty because of unstable angina 
(81 patients), stable angina (76 patients), 
or .acute myocardial infarction (nine 
patients). 

Results—The initial clinical success 
rate was 86% (142 of 166 patients). A 
major procedural complication occurred 
in 10 patients (6%): four patients (2%) 
died, six patients (4%) underwent emer- 
gency bypass surgery, and five patients 
(3%) sustained an acute myocardial 
infarction. In 14 patients (8%) coronary 
angioplasty did not significantly reduce 
the diameter stenosis but there were no 
associated complications. A total of 226 
lesions were attempted. The initial 
angiographic success rate was 192 out of 
226 lesions (85%). The median follow up 
was 21 (range 0:5-66) months. Sixteen 
patients (10%) died during follow up, 
eight patients (5%) sustained a non-fatal 
myocardial infarction, 21 patients (13%) 
underwent a second or third balloon 
dilatation, and 17 patients (10%) under- 
went elective bypass surgery. Of the 
146 survivors, 99 patients (68%) had 
sustained clinical improvement. The 
estimated survival at four years (Kaplan- 
Meier method) was 89 (SD 4)%. The event 
free survival at four years for the total 
study population was 61 (8)%. Multi- 
variate logistic regression analysis 
showed that the extent of vessel disease 
was the only independent predictive fac- 
tor for event free survival: the event free 
survival rate was 81 (10)% at four years 
for patients with single vessel disease, 
compared with 45 (12)% for patients with 
multivessel disease. 

Conclusions—Coronary angioplasty in 


patients over 70 was a safe and effective 
treatment for obstructive coronary 
artery disease. The extent of vessel dis- 
ease, and not the completeness of re- 
vascularisation, was the only independent 
predictive factor for event free survival. 


An increasing proportion of the population 
consists of elderly people.’ Because the 
incidence of coronary heart disease increases 
with age, it is not surprising that more and 
more elderly patients are referred for coronary 
angiography.’ As a consequence, the numbers 
of coronary angioplasty procedures and cor- 
onary artery bypass operations in this sub- 
group of the population will increase as well. 
Coronary artery bypass grafting in geriatric 
patients is associated with increased morbidity 
and mortality.** Coronary angioplasty is a less 
invasive procedure and may be an attractive 
non-surgical alternative. In general, the 
elderly patient has more advanced coronary 
artery disease and lesions that are more cal- 
cified. Sometimes the coronary arteries are 
rigid and tortuous.” These morphological 
and angiographic characteristics make coro- 
nary angioplasty technically more difficult to 
perform and may lead to less satisfactory 
results. 

We examined the safety and efficacy of cor- 
onary angioplasty in elderly patients in terms 
of the initial angiographic and clinical success 
rate and the long term results. 


Patients and methods 

Between January 1983 and September 1988 
coronary angioplasty was performed in 166 
patients over 70 years old. They represent 8% 
of the total coronary angioplasty population 
(n = 2002) during the same period. Table 1 
shows the clinical and angiographic character- 


Table! Clinical and angiographic characteristics 





Characteristic Patients n (%) 
Total number of patients 166 
Age (yr): 
Median 73 
Range (70-84) 
Male 86 £35) 
Previous myocardial infarction 65 (39 
Previous coronary artery bypass surgery 17 (10) 
Vessel disease 
Single 87 (52) 
Double §2 (31) 
Triple 27 (16) 
Ejection fraction (%): 
Median 59 
Range (18-77) 
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istics. The indication for coronary angioplasty 
was unstable angina in 81 patients (49%), 
stable angina in 76 patients (46%), and acute 
myocardial infarction in nine patients (5%). 
Until 1988, patients with an acute myocardial 
infarction were treated with intravenous and 
intracoronary streptokinase followed by 
angioplasty if the residual stenosis was 
>50%. Unstable angina pectoris was defined 
as angina at rest associated with reversible 
changes in the ST segment or T wave without 
evidence of ensuing myocardial necrosis as 
assessed by increased cardiac enzyme activity 
or the development of new Q waves. Seven 
patients underwent coronary angioplasty of a 
stenosis in the left main stem. Two patients 
had a left main stem artery protected by the 
presence of a patent bypass graft, one patient 
was admitted because of an acute myocardial 
infarction complicated by cardiogenic shock, 
and four patients were regarded as high risk 
surgical cases because of severe peripheral 
vascular disease, renal insufficiency, obstruc- 
tive lung disease, or previous stroke. 

The global ejection fraction was calculated 
from a single plane left ventricular angiogram 
in the 30° right anterior oblique view accord- 
ing to Simpson’s rule. 


CORONARY ARTERIOGRAPHY 

Coronary arteriography was performed via the 
femoral approach, with multiple views that 
included hemiaxial projections. The degree of 
stenosis was expressed as the percentage 
reduction in the diameter of the coronary 
artery lumen. A reduction in diameter of > 
50% was regarded as significant. The culprit 
lesion in patients with acute myocardial in- 
farction or unstable angina and multivessel 
disease was identified by relating the site of 
changes in the resting ST segment and T 
wave on the standard 12 lead electrocardio- 
gram to the angiographic findings. ST-T seg- 
ment changes in leads I, aVL, and V1-6 were 
related to lesion(s) of the left anterior de- 
scending coronary artery. Changes in leads IT, 
HI, and aVF were related to lesion(s) of the 
right or circumflex coronary artery. A total 
occlusion was defined as the absence of ante- 
rograde flow, and a functionally occluded 
artery was defined as the incomplete opacifica- 
tion of the distal vessel. 


CORONARY ANGIOPLASTY 

Coronary angioplasty was performed with 
preformed guiding catheters, steerable dilat- 
ing balloon catheters, and a pneumatic infla- 
tion device. Before the dilatation, a 7 French 
pacing electrode was positioned in the right 
atrium, and 10000 units of heparin and 
250 mg of aspirin were administered intraven- 
ously. Intracoronary isosorbide dinitrate was 
given to prevent coronary spasm. Four elec- 
trocardiographic leads and the aortic pressure 
were monitored continuously. Balloon infla- 
tion started at a pressure of 2 atm and was 
increased to 12 atm if necessary. The infla- 
tion was stopped when electrocardiographic 
changes, a considerable drop in blood pres- 
sure, or pain developed. The dilatation was 
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repeated until there was a significant reduction 
of the diameter stenosis. Angioplasty was con- 
sidered to be angiographically successful 
when obstruction of the luminal diameter was _ 
reduced to < 50%. A dissection was defined 
as the presence of intimal damage producing 
an intraluminal defect on the coronary angio- 
gram, or extraluminal extravasation of con- 
trast material, or the presence of linear 
luminal density or luminal staining, or a com- 
bination of these. 

A clinically successful angioplasty was de- 
fined as an angiographically successful dilata- 
tion free of procedure related complications 
that led to acute myocardial infarction, emer- 
gency ‘bypass surgery, or death. A peri- 
procedural infarction was determined by the 
development of new Q waves (0-048) or an 
increase in serum cardiac enzyme activities of 
more than twice the upper limit of normal. 
A perioperative myocardial infarction was 
defined by the development of new Q waves. 

Dilatation within two or more major coro- 
nary arteries was described as multivessel 
angioplasty. Revascularisation was considered 
complete when all stenoses leading to a 
diameter reduction of > 50% were success- 
fully dilated. 


FOLLOW UP 

Procedural details, including immediate com- 
plications, were prospectively recorded in a 
computer database at the time of balloon 
angioplasty. The median follow up time 
was 21 (range 0-5-66) months. Patients were 
screened for the occurrence of death, acute 
myocardial infarction, and recurrent angina 
necessitating repeat angioplasty or bypass 
surgery. Clinical follow up information was 
obtained at interview during outpatient visits, 
by questionnaire, or through the referring 
physician. Information was complete for all 
patients. Patient survival curves and event 
free plots were constructed by the Kaplan- 
Meier method. 


Results 
ANGIOGRAPHIC RESULTS 
Percutaneous transluminal coronary angio- 
plasty was performed in 166 patients over 70 
years old. Angioplasty was attempted on a total 
of 226 lesions (one lesion in 117 patients (70%), 
two or more lesions in 49 patients (30%)). 
Revascularisation was complete in 101 patients 
(61%) and partial in 65 patients (39%). 

Of the 226 stenoses, 192 were successfully 


Table 2 Distribution, aspect, and angiographic success 
of lestons on which angioplasty was attempted 


Success 
No (%) rate (%) 
Total number of lesions 226 192 (85) 
Site: 
LAD 128 (57) 114 (89) 
CX 49 (22) 40 (82) 
RCA 38 G7) 18 fas 
Left main stem 7 (3) 6 (86 
Venous graft 4 (2) 4 (100) 
Functionally occluded artery 11 (5) 9 (82) 
Totally occluded artery 15 (7) 9 (60) 





LAD, left anterior descending coronary artery; CX, circumflex 
coronary artery; RCA, right coronary artery. 
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Table 3 Clinical success of toons angioplasty 
procedure related major complications in 166 perdi 


over 70 

Patients over 70 ` No (%) 

Total number of patients 166 

Clinical success 142 (86 

Unsucceasful angioplasty without complications 14 (8 

Unsuccessful angioplasty with complications: 10 (6 
Death 4 (2 
AMI 5 (3) 
CABG 6 (4) 


AMI, acute myocardial infarction; CABG, coronary artery 
bypass grafting. 


Table 4 Clinical success of coronary angioplasty 
according to indication tn 166 patients aged > 70 


No 7 

in which angioplasty 
Indication mwas attempted Success (%) 
UAP 81 73 a 
AP 76 61 Bi 
AMI 9 8 (81) 


UAP, unstable angina pectoris; AP, stable angina pectoris; 
AMI, acute myocardial infarction. 


. dilated. The overall primary angiographic suc- 
cess rate was 85%. Table 2 shows the distribu- 
tion of the lesions and the success rate per 
lesion. The lesion could not be crossed in four 
patients (2%). In three of these the attempt to 
cross the lesion with the guide wire resulted in 
dissection and subsequent occlusion. These 
three patients died of acute myocardial infarc- 
tion complicated by cardiogenic shock. The 
fourth patient was referred for emergency 
bypass surgery. Abrupt closure of the artery 
immediately after attempted dilatation occur- 
red in 10 patients (6%). In three patients a 
major coronary dissection wás found, but in the 
other seven patients the mechanism of the acute 
occlusion was uncertain. They were all success- 
fully redilated. A dissection was seen in another 
14 patients (8%). One patient died, one sus- 
tained an acute myocardial infarction, and 
three underwent emergency bypass surgery. 


CLINICAL RESULTS 

The primary clinical success rate for the total 
study population was 86% (table 3). In 14 
patients (8%) the angioplasty did not sig- 
nificantly reduced the diameter stenosis, but 
there were no complications. Ten patients 
(6%) had a major procedure related complica- 
tion. Acute myocardial infarction was seen in 
four patients, of whom one died and two were 
referred for emergency bypass surgery. 
Another four patients underwent urgent 
bypass surgery, of these one patient died of a 


Table 6 Major cardiac events during follow up of 166 patients aged 370 who 
underwent coronary angioplasty 


Group I Group 2 Group 3 Total Interval (months) 

Event (%) (%) (%) (%) Median (range) 
142 (86) 14 (8) 10 (6) 166 

Death 13 3 — 16 (10) es 

AMI 3 4 1 8 (5) 3 (2-13) 

Re PTCA 21 — — 21 (13) 5 (1-32) 

CABG 12 2 3 17 (10) 6 (1-35) 

Group 1, successful coronary angioplasty; group 2, unsuccessful coronary angioplasty a 


complications; group 3, unsuccessful coronary angioplasty with major eles’ AMI 
noes myocardial infarction; Re PTCA, repeat coronary angioplasty; CABG, coronary artery 
ypass grafting. 


Table 5 Complication rate of single vessel and 
multrvessel angioplasty in patients aged > 70 


Single vessel Multroessel 
(%) (%) 
Total number of patients 146 
Death 3 (2-1) 1 (5) 
AMI 4 (2-7) 1 (5) 
CABG 5 (3-4) l ts? 


AMI, procedure related acute myocardial infarction; CABG, 


_ emergency bypass surgery. 


perioperative myocardial infarction. Two other 
patients had ventricular fibrillation during 
angioplasty and subsequently died. A total of 
15 complications occurred in 10 patients (6%). 
Table 4 shows the clinical success according to 
indication. One patient sustained a transient 
ischaemic cerebrovascular accident and 
another patient required surgical-repair of a 
pseudoaneurysm of the right femoral artery. 
Single vessel and multivessel angioplasty were 
performed in 146 (88%) and 20 patients (12%) 
respectively. Of the 146 patients who under- 
went single vessel angioplasty, one lesion was 
attempted in 117 patients (80%), and two or 
more lesions were attempted within the same 
coronary artery in 29 patients (20%). A total of 
12 events occurred in eight patients undergoing 
single vessel angioplasty and three events 
occurred in two patients undergoing multi- 
vessel angioplasty (table 5). 


FOLLOW UP - 

Table 6 lists the data from the clinical follow up 
after successful and unsuccessful angioplasty. 
There were 16 deaths (10%) of which 10 were 
cardiac and six non-cardiac. Eight patients 
(5%) sustained a late non-fatal acute myo- 
cardial infarction. Symptoms recurred in 44 
patients (27%). Six patients (4%) were treated 
medically. Repeat angioplasty was carried out 
on 21 patients (13%) (the same lesion in 13 
patients and a newly acquired lesion in eight 
patients), of whom one died and four under- 
went a third uncomplicated coronary angio- 
plasty. Seventeen patients (10%) underwent 
elective bypass surgery; one of these patients 
had an-uncomplicated perioperative myocar- 
dial infarction. Table 6 shows the interval 
between the first coronary angioplasty and the 
cardiac events during follow up. 

The mean (SD) estimated survival at four 
years from the first angioplasty for the entire 
study population was 89 (4)% (fig 1). The event 
free survival at four years (free of myocardial 
infarction, bypass surgery, and repeat angio- 
plasty) was 61 (8)% (fig 1). To determine 
independent predictors for event free survival, 
multivariate logistic stepwise regression 
analysis was performed. Several variables were 
selected—namely, age > 75 years, sex, pre- 
vious myocardial infarction, previous bypass — 
surgery, ejection fraction < 55%, stable v 
unstable angina, completeness of revascularisa- 
tion, and extent of vessel disease (single 
v multivessel disease). The extent of vessel 
disease was the only independent predictive 
factor. The probability of sustaining a cardiac 
event was 4:7 fold higher (95% confidence 
interval 2:3~-9-3) in patients with multivessel 
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Figure 1 Overall long term cumulative survival and event free survival curves after 
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angioplasty according to the Kaplan-Meier method for patients aged > 70. 


Vertical bars denote the 95% confidence intervals. For abbreviations see table 6. 
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disease compared with those with single vessel 
disease. Event free survival at four years was 81 
(10)% in patients with single vessel disease 
compared with 45 (12)% in patients with 
multivessel disease (fig 2). . 

At the end of follow up 146 patients (88%) 
were still alive. Ninety nine patients (68%) 
were improved clinically. This was associated 
with an appreciable reduction in antianginal 
therapy. Before angioplasty, 136 patients were 
being treated with $ blockers, 107 with nitrates, 
and 145 patients with calcium antagonists. At 
the end of follow up only 41 patients still took £ 
blockers (a reduction of 70%), 18 still took 
nitrates (a reduction of 83%), and 106 patients 
took calcium antagonists (a reduction of 27%). 


Discussion . 

As the population of developed countries ages 
the number of elderly patients referred for 
diagnostic and therapeutic cardiac catheterisa- 
tions continues to increase. From January 1983 
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Figure 2 Event free survival after balloon angioplasty according to the Kaplan-Meier 
method for patients aged > 70 with single or multivessel disease. Vertical bars are 95 % 


intervals, 


to August 1988, 2002 coronary angioplasties 
were performed in our hospital and the per- 
centage of patients over 70 who underwent 
balloon angioplasty increased from 7% to 15%. 
In the United States one third of the cardiac 
catheterisations and one third of the coronary 
artery bypass operations are performed on 
elderly patients.°? Coronary artery bypass graf- 
ting in the elderly is an effective method of 
myocardial revascularisation, providing symp- 
tomatic relief and good long term results.’°”” 
Cardiac surgery in the geriatric patient is, 
however, associated with increased morbidity 
and mortality.’ ®® In view of this high 
operative risk, coronary angioplasty is par- 
ticularly attractive as a less invasive alternative. 
It offers the potential for myocardial revascular- 
isation with certain advantages over bypass 
grafting such as the avoidance of a thora- 
cotomy, shorter time in hospital, and lower 
costs.°’ * A lower success rate may be expected 
for balloon angioplasty performed in the 
elederly. As well as the increased procedural 
mortality known to occur in patients over 70, 
other clinical variables noted more often in the 
elderly, such as depressed left ventricular func- 
tion and left main and three vessel coronary 
artery disease, increase the risk associated with 
balloon angioplasty.’ '® Elderly patients also 
have more tortuous coronary arteries and more 
calcified lesions, which create troublesome 
angles and bends to negotiate.*’ Our data from 
this study indicate that coronary angioplasty 
can be performed with a high initial success 
rate and an acceptable incidence of complica- 
tions in patients over 70, These data accord 
with previous reports (table 7). Three earlier 
studies compared the primary success rate and 
incidence of complications of balloon angio- 
plasty between patients younger than and older 
than 65.*!7!8 Only the National Heart, Lung 
and Blood Institute (NHLBI) percutaneous 
transluminal coronary angioplasty registry 
showed a significantly lower initial success rate 
and a higher mortality in the elderly patients."* 
The population of the NHLBI study, however, 
differed from the other studies in that the data 
were collected from many institutions during 
the period 1977 to 1981. The higher success 
rate reported in the other studies can in part be 
explained by improved angioplasty equipment 
and increased operator experience. Also in this 
study and in other reports no patients sustained 
an irreversible cerebrovascular accident 
whereas 2:7—7:5% of patients in surgical series 
di d.® 1121 

Though it is difficult to compare different 
studies, especially when there is selection bias, 
there is a striking similarity between the overall 
and the event free survival rates in our patient 
group and those reported by others.'**! Also, 
the estimated survival at four years of 89 (4)% 
compares favourably with the survival rate for 
elderly patients who undergo bypass sur- 
gery.'** The importance of complete re- 
vascularisation after bypass surgery is well 
documented.” ” It has been shown that com- 
plete revascularisation is associated with 
improved long term survival and freedom from 
late cardiac events.” Variables other than the 
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Table 7 Reported angiographic and clinical success rate and complications after balloon angioplasty in elderly patients 





Complications (% ) 
Author Number of patients Angiographic success (% ) Chimical success (%) Death AMI CABG 
Patients > 65 years 
Mock ez al 1984 370 — 53 2-2 56 68 
Jones et al” 1986 159 84 81 00 3-1 57 
Raizner et al™ 1986 119 8i — 0-8 25 41 
Bedotto er al” 1991 1373 96 — 1-6 14 68 
Patients > 70 years 
Dorros and Janke*® 1986 109 89 3 1-8 2-8 
Holt et al” 1988 54* — 80 0-0 40 60 
Simpfendorfer et al™ 1988 124 — 90 0-0 08 4-0 
212*- —- 93 0-9 0-9 
Patients œ 80 years 
Kern s al” 1988 21 67 190 — 1-4 
Rich et al” 1990 22 89 rae 00 140 00 





AMI, acute myocardial infarction; CABG, emergency bypass surgery. *Only patients with unstable angina; tonly patiente with 


stable angina. 


degree of revascularisation, however, may 
influence the long term outcome. Moreover, 
there may be substantial differences in baseline 
characteristics between patients with complete 
and incomplete revascularisation.”™” In this 
respect, conclusions about long term outcome 
based only on the degree of revascularisation 
may be misleading. It has been shown that after 
adjustment of such baseline differences in 
patients with multivessel disease undergoing 
balloon angioplasty, the completeness of re- 
vascularisation has no independent predictive 
value for event free survival.” * The data from 
this study indicate that the extent of vessel 
disease and not the degree of revascularisation 
is the only independent predictor for event free 
suurvival. era 
STUDY LIMITATIONS 

The group of patients we describe is clearly a 
selected population. Patients were not ran- 
domised to either angioplasty or bypass sur- 
gery. Therefore, no attempt was made to 
compare the results of balloon angioplasty with 
those achieved by bypass surgery. Published 
data on angioplasty and coronary artery bypass 
surgery, however, provide some insight into 
the benefit:risk ratio when choosing which 
treatment should be used for the geriatric 
patients. Angioplasty can only truly be com- 
pared with bypass surgery in randomised trials, 
such as are currently under way in Europe and 
The United States. 

In conclusion, coronary angioplasty can be 
performed safely and effectively in the elderly. 
Given the favourable long term results this 
procedure should be considered as a 
therapeutic alternative to coronary bypass sur- 
gery in this group of patients. 


We thank Dr Donald Mcleod for his comments. 
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1887, plate 76. In the early 1930s a Dr Claude S Beck was 
undertaking pioneer cardiac surgery at the 
Lakeside Hospital in Cleveland, Ohio. He was 
attempting to revascularise the heart in angina 
pectoris by putting a pedicle graft of pectoralis 
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muscle onto the left ventricle and he was also 
doing pericardiectomy for constrictive peri- 
carditis. 

But arrhythmias during and after surgery 
presented an important problem which was 
investigated experimentally by Dr Frederick R 
Mautz. For this study he chose drugs’ in the 
cocaine group because they were readily ab- 
sorbed from mucous membranes and were 
already known to have some effect on the 
myocardium. Mautz showed that in dogs 
procaine produced a monophasic local injury 
current in the epicardial electrogram and that it 
prevented extrasystoles when the heart was 
stimulated electrically (Journal of Thoracic 
Surgery 1936;5:612-28). Procaine had a quin- 
idine-like effect but its action was short-lived 
owing to esterase action. Its analogue procain- 
amide (Pronestyl) introduced in 1951 had the 
advantages of being enzyme resistant and 
active by mouth. 

Cocaine was isolated in 1860 from the South 
American coca plant Erythroxylum coca 
(Erythroxylaceae). This shrub, the “divine 
plant of the Incas”, grows in the eastern Andes 
and had been used since ancient times to induce 
a pleasant mental state, to combat fatigue, and 
increase physical endurance. This folk 
medicine interested Sigmund Freud and in 
1884 he studied the properties of cocaine with 
the help of his Viennese colleague Carl Koller 
who was an eye surgeon. When it was found 
that cocaine numbed the tongue Koller at once 
realised its potential in ophthalmic surgery. It 
soon became widely used as the first ever local 
anaesthetic but its stimulant effect on the 
nervous system was unwelcome—though 
Sherlock Holmes took advantage of it. The less 
toxic synthetic compound procaine was made 
in 1905. 

The small tropical family Erythroxylaceae 
has no other species with medical uses. It is 
interesting that two other antiarrhythmic com- 
pounds namely lignocaine and quinine are also 
local anaesthetics (British Heart Journal 1991; 
65:165 and 66:301). 
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Uses and limitations of high dose dipyridamole 
stress echocardiography for evaluation of coronary 


artery disease 


Peter Mazeika, Petros Nihoyannopoulos, Jayshree Joshi, Celia M Oakley 


Abstract 

Objective—To compare the usefulness 
of high dose dipyridamole stress 
echocardiography with dipyridamole 
stress electrocardiography and exercise 
electrocardiography for the evaluation 
of coronary artery disease. 

Design—Prospective investigation 
with coronary angiography as the 
criterion standard and blinded assess- 
ment of study data. 

Setting—Cardiology unit of a tertiary 
referral centre. 

Subjects—Fifty eight patients with 
suspected” ‘coronary disease; three of 
these were: excluded because of poor 
echogenicity at baseline (test feasibility 
95%). Angiography showed normal 
coronary arteries in 15 and coronary dis- 
ease (>70% diameter stenosis) in 40. 

Interventions—Cross sectional echo- 
cardiography and 12 lead electro- 
cardiography during dipyridamole 
stress (up to 1 mg/kg) and exercise elec- 
trocardiography on a separate occasion. 
Wall motion was analysed with an 11- 
segment model developed at Hammer- 
smith Hospital. 

Main outcome measures—Test sen- 
sitivity, specificity, and side effect data. 

Results—16 of 40 patients with coron- 
ary artery disease had inducible asyn- 
ergy; all had multivessel disease and a 
tight stenosis in the vessel that supplied 
the abnormal segment. Exercise dura- 
tion and time to 1mm ST segment 
depression were significantly shorter in 
patients with a positive echocardiogram 
than in those without (both p < 0°01). 
The sensitivity and = specificity of 
dipyridamole stress echocardiography 
were 40% and 93% respectively; sen- 
sitivity improved to 60% when baseline 
(n = 18) or reversible asynergy defined 
an abnormal study (likelihood ratio = 
9). Corresponding figures for stress 
electrocardiography were 38% and 80% 
for dipyridamole and 80% and 67% for 
exercise. Adverse reactions were seen in 
67% of patients and included two instan- 
ces of pronounced hypotension, one 
episode of prolonged myocardial 
ischaemia, and one cardiac arrest in a 
patient who was successfully resus- 
citated. 

Conclusion——-A positive high dose 
dipyridamole echocardiogram predicts 
multivessel disease and impaired coron- 


ary reserve, but low overall sensitivity 
and occasionally troublesome side effects 
limit its clinical usefulness. 


Exercise echocardiography is an emerging 
technique for detection of coronary artery 
disease but it remains technically demanding 
and cannot be applied to patients unable or 
poorly motivated to exercise.’ Intravenous 
dipyridamole stress, which provokes aberrant 
distribution of flow in these patients, can allow 
myocardial perfusion defects to be visualised 
on thallium scintigraphy but this approach is 
expensive and requires facilities for nuclear 
medicine.” Data from this centre on 21 
patients with severe multivessel disease and a 
positive exercise electrocardiogram showed 
that dipyridamole provoked an echocardio- 
graphically detectable wall motion abnor- 
mality in only 11 patients.’ It has been sugges- 
ted that this limited sensitivity (52%) could be 
explained by the low dose of dipyridamole 
(0-6 mg/kg) and by the use of only the para- 
sternal short axis projection, which made the 
test reliant on the adequacy of this single view 
for detection of transient asynergy.‘ We 
therefore monitored a group of ‘patients by 
means of high dose dipyridamole combined 
with four standard echocardiographic views. 
The aims of this prospective study were to 
establish the sensitivity and specificity of high 
dose dipyridamole stress echocardiography in 
the detection of coronary disease and to com- 
pare these results with dipyridamole stress 
and exercise electrocardiography, and to 
determine the safety and side effects of 
dipyridamole stress echocardiography. 


Patients and methods 

We screened 58 patients referred for coronary 
angiography for suspected coronary artery dis- 
ease who satisfied the study enrolment criteria. 
Patients with cardiac failure, unstable angina, 
bronchospasm, left bundle branch block, or 
>1 mm of ST segment deviation from isoelec- 
tric on the baseline electrocardiogram were 
excluded. Stress echocardiography was not 
performed on three patients because of 
inadequate baseline endocardial definition on 
transthoracic imaging (test feasibility 95%). 
The remaining 55 patients (41 men, mean age 
55 (SD 9) (range 38-73) years) underwent 
dipyridamole stress echocardiography, exer- 
cise testing, and angiographic evaluation in 
random order (table 1). Coronary angiography 
showed normal coronary arteries in 15 and 
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Table 1 Clinical data and results of coronary angiography, exercise electrocardiography, dipyridamole stress electrocardiography, and dipyridamole 








stress echocardiography in 55 patients 
Dipyridamole stress echocardiography 
jagraphy Baseline asyne New or i 
Case Age LOD OT O i Diooriomou: 2 e P aa aa a e 
No (yr)isex No (vessels) diseased ECG ECG +/— Segment Nos Nature* +/— Segment Nos Nature* 
Normal subjects 
1 43 None Negative Negative — — _ _ = 5 
2 62/M None Negative Negative _ ~ — = = + 
3 42/M None Positive Positive — — ~ = a os 
4 42M None Negative Negative — — m = ee = 
5 43/F None Negative Negative — — m - = 
6 [F None Negative Negative _ ~ -= — = s 
7 43/M None Negative Negative _ ~ m= om = = 
8 47/M None Positive Negative — ~- = - = = 
9 43 None Negative Negative _ — mae — = ma 
10 55/F None Positive Positive — ~ = + ll Akinesis 
11 50/F None Positive Positive — — a — ~ — 
12 53/F None Negative Negative -— ~ = — ~ _ 
13 71/M None Negative Negative — ~ m — = — 
14 54 None Negative Negative — = — — ~ ~ 
15 61/M None Positive Negative — = _ = = me 
CAD: 
1 53/M t LCX Positive Negative — ~ — — ~ 
2 53/M i LAD Negative Negative — ~— _ ~ ~ ~ 
3 51{M 1 LAD Negative Negative — ~~ — _ ~ _ 
4 53/F 1LAD Negative Negative _ -= _ — — ~ 
5 38/F 1 LAD Positive Negative z se 2 = = 
6 62/M 1 RCA Negative Negative — — m — =- m 
7 39/F IRCA + Negative Negative ~ = = _ ~ 
8 63/M I RCA Positive Negative + 6 Akinesis — —- m 
9 73/M 1 LAD Positive Negative — — — — — — 
10 56/M 1 LCX Positive Negative — - ~ ~ ~ ~ 
11 61/F 2 LAD, LCX Positive Positive + 10, 11 Akinesis + 4 Akinesis 
12 40/M  2LAD,LCX Negative Positive = = = + 7,8 Akinesis 
13 68/F 2 LAD, LCX Positive Positive _ = ~ + 3, 4 Hypokinesis 
14 44/M 2 LAD, RCA Positive Positive + 10, 11 Hypokinesis + 6, 10 Dyskinesis 
15 43/M 2 RCA, LCX Positive Negative _ = me + 4 Akinesis 
16 71{/M 2 LAD, RCA Positive tive + 6 Hypokinesis + 6 Dyskinesis 
17 62/M. 2 RCA, LCX Negative Negative + 6 Hypokinesis + 6 Dyskinesis 
18 54]/M 2 RCA, LCX Positive Positive ~ ~= m — ~ ~ 
19 61/M 2 LAD, RCA Positive Positive + 2, 10, 11 Akinesis — ~- ~= 
20 61/M 2 LAD, RCA Positive Positive + 5 Hypokinesis + 5 Dyskinesis 
21 52/M 2 RCA, LCX Positive Negative — ~ m = a = 
22 59/M 2 RCA, LCX Positive Negative ~ — ~ — ~ 
23 STM 2 LAD, RCA Positive Negative + 5 Hypokinesis + 5 Dyskinesis 
24 56/M. 2 LAD, RCA Positive Negative — ~~ ~ — — 
25 54/M 2 RCA, LCX Positive Negative — _ maae — _ mm 
26 55M 2LAD,LCX Positive Negative 4 9,10, 11 Hypokinesis — = es 
27 45/M 2 RCA, LCX Positive Negative + 6 Hypokinesis — ~- = 
28 63/M 2 RCA, LCX Positive Negative — ~~ ~ — -= ~ 
29 70/M 3 Positive Positive + 5 Akinesis + 2, 10, 11 Akinesist 
30 65/M 3 Positive Positive — — a + 6 Akinesis 
31 46 3 Positive Positive — _ - + 4,6 Akinesis 
32 61/M 3 Positive Positive + 5 Akinesis + 7,8 Akinesis 
33 50/M 3 Positive Negative — ~ -l + 4 Hypokinesis 
34 59/M 3 Positive Positive + 1,2,9,10,11 Akinesis — ~ _ 
35 64 3 Positive Positive + 1,2,9,10,11 Akinesis — ~ = 
36 6M 3 iti Negative a 4,6 Hypokinesis + 6 Dyskinesis 
37 52/M 3 Positive Positive — ~ = — ~ = 
38 57M 3 Positive Negative + 3,5 Hypokinesis + 3 Dyskinesis 
39 71/M 3 Positive Negative + 3,4 Akinesis — == m= 
40 57/M 3 Negative Negative + 4,6 Akinesis — me _ 


*The worst grade seen is stated; f associated with transient left ventricular cavity dilatation; ECG, electrocardiography; CAD, coronary artery disease; LAD, left 
anterior descending coronary artery; L.CX, left circumflex coronary artery; RCA, right coronary artery. 


single, double, and triple vessel disease in 10, 
18, and 12 patients respectively. Antianginal 
treatment was stopped for four half lives before 
both the dipyridamole and exercise stress tests 
and patients were asked to avoid drinks con- 
taining caffeine on the day of the dipyridamole 
study. All patients gave informed consent and 
the study was PEETS by the hospital ethics 


committee. 


STUDY PROTOCOL 


After collection of baseline haemodynamic, 


electrocardiographic 


and cross 


sectional 


echocardiographic data, and with the patient 


under continuous electrocardiographic moni-.. 


toring, dipyridamole (0-6 mg/kg) was infused 
intravenously over five minutes. After-a five 
minute interval a further 0-4 mg/kg was 
infused over five minutes. The infusion was 


stopped if myocardial ischaemia or notable side. 


effects occurred, and aminophylline was given if 
necessary. A 12 lead electrocardiogram was 
taken each minute with paediatric size elec- 
trodes to maximise the chest area available for 
echocardiography. Heart rate and blood pres- 
sure were recorded every one to two minutes by 
a Critikon Dinamap vital signs monitor. Cross 
sectional echocardiography (Toshiba SSH- 
160A or 65A 3-75 MHz transducer) with the 
parasternal long and short axis (papillary 
muscle level) views and the apical four and two 
chamber views was continuous for up to 30 
minutes after administration of dipyridamole. 
All studies were performed by one of‘ us (JJ) 


.and images were recorded on 12mm VHS 


videotape for subsequent analysis. The time 
between coronary angiography and the 
dipyridamole study was 17 (SD 10) days; no 
significant cardiac events occurred during this 
period. 
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EXERCISE ELECTROCARDIOGRAPHY 

All patients had maximal modified Bruce tread- 
mill exercise electrocardiography with a com- 
puterised ST segment analysis system (Case 
12, Marquette)’ and conventional end points. 
Both exercise stress and dipyridamole stress 
electrocardiograms were considered positive 
for ischaemia if there was >1 mm of new onset 
ST segment elevation or planar or downsloping 
ST segment depression 80 ms after the J point 
on three consecutive beats. The electrocar- 
diograms were interpreted by an observer 
unaware of the other investigative findings. The 
interval between coronary angiography and 
exercise testing was 21 (10) days during which 
no important cardiac events occurred. 


CARDIAC CATHETERISATION 

Coronary arteriography was carried out with a 
Philips Poly Diagnost C imaging system and 
used the Judkins’ technique and multiple 
views. Coronary stenoses, evaluated 
qualitatively by a single experienced observer 
unaware of the other results, were considered 
significant when the diameter of a major epicar- 
dial vessel was reduced by >70%. 


IMAGE ANALYSIS 

Cross sectional echocardiographic image 
analysis was performed blind from videotape 
playback by two independent experienced 
observers. Any disagreements were resolved by 
discussion. Wall motion was analysed by means 
of an 11 segment model of the left ventricle 


developed at the Hammersmith Hospital. 


(figure); echocardiograms were read at baseline 
and peak stress and each segment was graded as 
normal or hyperkinetic, hypokinetic, akinetic, 
or dyskinetic. The development of a new 
abnormality of wall motion or worsening 
regional asynergy, defined as hypokinesis in any 
segment at baseline deteriorating to akinesis or 


fx> (kh 
<2, ey 


Parasternal long axis view Parasterna! short axis view 
(papillary muscle level) 


X 
A KY N 
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Apical 4 chamber view 


Apical 2 chamber view 
1 Basal, anteroseptal : 6 Mid, inferior 
2 Mid, anteroseptal 7 Basai, posteroseptal 
3 Basal, lateral 8 Mid, posteroseptal 
4 MX, lateral 9 Basal, anterior 
5 Basal, Inferior 10 Mid, anterior 
11 Apical 


Diagram of the Hammersmith Hospital 11 segment left 
ventricular model used for wall motion analysis. 
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dyskinesis with dipyridamole stress, was regar- 
ded as an abnormal response. 


STATISTICAL ANALYSIS 

Continuous data are expressed as mean (SD). 
Paired or two sample f tests were performed as 
necessary and group comparisons were by one 
way analysis of variance. The 7’ test with Yates’ 
correction and McNemar’s test were also used 
where appropriate. p Values <0-05 were regar- 
ded as significant. 


Results 

HAEMODYNAMIC RESPONSE TO DIPYRIDAMOLE 
The mean weight of the study population was 
74 (12) kg and the mean dose of dipyridamole 
given was 63 (19) (range 20-101) mg. Table 2 
shows the changes in haemodynamic variables 
by dipyridamole in patients with normal coron- 
ary arteries and in those with coronary disease; 
there were no significant differences in the 
haemodynamic response between these two 
groups. Similarly, no differences were found 
when patients with coronary disease and a wall 
motion abnormality at baseline (n = 18) were 
compared with those without (n = 22), and 
when patients with new or worsening transient 
asynergy (n = 16) were compared with those 
who showed a normal response (n = 24). 


WALL MOTION ANALYSIS 

Image quality during dipyridamole stress was 
adequate in the 55 subjects with satisfactory 
baseline studies. Transient hyperkinesis was 
the normal response to dipyridamole and this 
was particularly pronounced in the normally 
contracting segments of patients with a wall 
motion abnormality. Eighteen patients had 
asynergy at baseline. This involved one seg- 
ment in eight, two segments in six, and three or 
more segments in four (table 1), New regional 
asynergy was seen in 11 patients and this was 
graded as akinesis in nine and hypokinesis in 
two; one patient with extensive akinesis in the 
area of the left anterior descending coronary 
artery and pronounced ST segment depression 
(9 mm in V5) also developed a transient dilated 
left ventricular cavity (table 1). Five of the 11 
had two vessel disease, five had triple vessel 
disease, and one patient had normal coronary 
arteries and left ventricular hypertrophy secon- 
dary to essential hypertension. Transient dys- 
kinesis of a segment hypokinetic at baseline 
developed in seven patients, and this was 
associated with remote new regional asynergy 
in one patient (table 1). All patients with 
coronary artery disease and a positive echocar- 
diogram (n = 16) had a significant lesion in the 
vessel that supplied the abnormal segment. 
The sensitivity of dipyridamole stress echocar- 
diography in one, two, and three vessel disease 
was 0%, 50%, and 58% respectively compared 
with 0%, 44%, and 58% for dipyridamole 
stress electrocardiography and 50%, 89%, and 
92% for exercise electrocardiography. When 
asynergy at baseline was added to reversible 
asynergy to define an abnormal study, overall 
sensitivity improved from 40% to 60% 
whereas specificity remained unchanged at 93% 
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Table 2 Haemodynamic response to intravenous dipyridamole tn patients with normal coronary arteries and with 





coronary artery disease 
Baseline eak stress Mean 95% Gi of 
Mean {SD} Mean {SD) change mean change p Value 
Normal coronary arteries (n = 15): 
HR (beats/min) 70 (14) 89 (25) 19 +8 to 29 0-002 
Systolic BP Gam Hg 138 (17) 134 (22) —4 —18to9 NS 
Diastolic BP (mm Hg) 84 (8) 78 (10) —§ —12 01 NS 
RPP (mm He/min) 9776 (2522) 12 207 (4417) 2431 367 to 4496 0-02 
Coronary artery disease (n = 40): 
HR (beats/min) 72 (12) 91 (13) 19 +15 to 2) < 0-001 
Systolic BP (mm Hg) 141 (21) 138 (16) —3 —10103 
Diastolic BP (mm Hg) 89 (15) 86 (10) —3 —7 tol NS 
RPP (mm Hg/min) 10 169 (2493) 12 532 (2730) 2363 1351 to 2838 <0-001 


BP, blood pressure; 95% CI, 95% confidence interval; HR, heart rate; RPP, rate-pressure product. 


(likelihood ratio = 9) (table 3). Visible 
collateral vessels at coronary angiography were 
present in 10 out of 16 patients (63%) with 
inducible asynergy, and in 13 out of 24 (54%) 
ofthe others. This difference was not significant. 
The observers agreed on wall motion analysis 
for 50 of 55 patients (91%). 


DIPYRIDAMOLE STRESS ELECTROCARDIOGRAPHY 
Significant ST segment depression had a sen- 
sitivity and specificity for coronary artery dis- 
ease of 38% and 80% respectively (tables 1 and 
3). Fifteen (50%) of 30 patients with multi- 
vessel disease had a positive dipyridamole 
stress electrocardiogram. Of the 10 patients 
with coronary disease who showed new asyn- 
ergy on echocardiography, eight had a positive 
electrocardiogram. The site of ST segment 
change, usually leads V5 or V6, was not strictly 
related to the site of the wall motion abnor- 
mality. Only three of seven patients with wor- 
sening regional asynergy had significant ST 
segment depression. The one patient with a 
falsely positive dypridamole echocardiogram 
also had positive electrocardiographic changes 
with both dipyridamole stress and exercise. 


EXERCISE TESTING 

The peak heart rate and rate-pressure product 
on exercise for the entire group was 138 (28) 
beats/min and 23 121 (6802) mm Hg/min re- 
spectively. Table 3 shows the sensitivity and 
specificity of exercise electrocardiography. 
Nine of 10 coronary patients with new asynergy 
and six of seven with worsening asynergy had a 
positive exercise electrocardiogram (table 1). 
For patients with coronary artery disease, exer- 
cise duration in those with an abnormal 
echocardiographic response (n = 16) was 361 
(146) seconds compared with 532 (177) seconds 


in the others (n = 24) (p < 0-01). Similarly, 
time to 1mm ST segent depression was 201 
(192) seconds in patients with reversible asyn- 
ergy (n = 14) compared with 479 (158) 
seconds in those with a negative response 
(n = 18) (p < 0-01). Fourteen patients with 
coronary disease had significant ST segment 
deviation with both exercise and dipyridamole 
stress; the mean maximum extent of ST seg- 
ment depression tended to be greater with 
exercise (2-3 (1:0) mm) than dipyridamole 
stress (2:0 (2:1) mm) but the difference was not 


significant. 


SIDE EFFECTS 

Table 4 documents the side effects experienced 
and treatment required after administration of 
dipyridamole. Chest pain developed in 13 of 16 
(81%) patients with coronary disease and 
dipyridamole induced asynergy compared with 
nine (38%) of the other 24 (p = 0-02). One 
patient had prolonged ischaemia with severe 
chest pain for 30 minutes despite intravenous 
aminophylline (325 mg), but no evidence of 
myocardial infarction. Hypotension, defined as 
a fall in systolic blood pressure of >30 mm Hg 
was seen in three cases. This was associated 
with sinus bradycardia in one patient and 
transient idioventricular rhythm in another. 
The third patient had an asystolic cardiac arrest 
preceded by chest pain and was promptly and 
succesfully resuscitated by treatment with 
aminophylline (200 mg) and atropine (1:2 mg). 


Discussion 

Some patients with suspected or definite coron- 
ary artery disease are unable to exercise because 
of peripheral vascular, orthopaedic, or 
neurological disease and others are poorly 


Table3 Comparative sensitivity, specificity, predictive value, and accuracy of dipyridamole stress echocardiography 


and dipyridamole stress and exercise electrocardiography 








Positive Negative 
Sensitivity PP AE predictive predictive Accuracy 
(%) (%) value (%) valus (%) (%) 
Dipyridamole echo: 
New transient asynergy 10/40 (25) 14/15 (93) 10/11 toa) 14/44 (32) 24/55 (44) 
New or worsening asynergy 16/40 (40)* 14/15 (933+ 16/17 (94 14/38 (37) 30/55 (55) 
Baseline or new asynergy 24/40 (60) 14/15 (93 24/25 (96) 14/30 (47) 38/55 (69) 
Dipyridamole ECG 15/40 (38 12/15 (80 5/18 (83) 12/37 (32) 27/55 (49) 
ercise ECG 32/40 (80 10/15 (67) 32/37 (86) 10/18 (56) 42/55 (76) 





ECG, vated to echo, cross sectional echocardiography. 
3 


*p < 0-01 y exercise ECG; TNS v exercise ECG. 
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motivated to achieve a sufficient workload.® 
Pharmacological stress induced by 
dipyridamole, ‘combined with thallium scin- 
tigraphy or cross sectional echocardiography 
are alternative tests in such cases.° Because 
echocardiography involves no exposure to 
radiation, is quicker and cheaper and, in gen- 
eral, more readily accessible than perfusion 
imaging we studied the utility and safety of this 
approach. 

Dipyridamole blocks adenosine uptake into 
erythrocytes and endothelium, potentiating its 
dilatatory action on small vessels.* This leads to 
a fall in perfusion pressure distal to coronary 
stenoses and flow redistribution from endocar- 
dium to epicardium causing perfusion defects 
to become visible on thallium scintigraphy or, 
if more severe, myocardial ischaemia and 
regional asynergy on echocardiography.* The 
increase in rate-pressure product and fall in 
diastolic blood pressure (table 2) are probably 
less important. Haemodynamic variables 
changed similarly in all groups; perhaps a 
reflection of exaggerated hyperkinesis of 
the normally perfused myocardium in those 
patients with coronary disease. 

Margonato et al at this centre used 0-6 mg/kg 
of dipyridamole to study 21 patients with 
multivessel disease and a positive exercise 
electrocardiogram. They found that only 
patients with severely limited coronary flow 
reserve and exercise capacity were likely to 
have a positive echocardiogram. The vessel 
where flow reserve was most impaired could be 
identified, however, despite the non- 
physiological nature of the stress. 

Picano et al found improved test sensitivity 
with high dose infusion of dipyridamole’? and 
we used this combined with multiple imaging 
views rather than a single projection as repor- 
ted by Margonato et al.’ Fifteen patients with 
normal coronary arteries were also studied to 
obtain information on test specificity. Sixteen 
(53%) of 30 patients with multivessel disease 
had new or worsening asynergy compared with 
11 (52%) of 21 patients studied by Margonato 
et al? Exercise duration and time to 1 mm ST 
segment depression were significantly shorter 
in those with a positive echocardiogram, all of 
whom had a tight stenosis in the vessel that 


Table 4 Side effects and treatment required after high 
dose dipyridamole stress in 55 patients 


CAD Normal Total 
(n= 40) (m= 15) (%) 





Side effect: 
Cheat pain 22 5 27 a 
Headache 7 10 17 (31 

i 5 4 9 (16) 

Dyspnoea 5 0 5 (9) 
Nausea ; 3 2 5 (9) 
Arrhythmia = 3 1 

- -Hypotension with syncope 1 l 2 E 
Cardiac arrest l 0 1@ 
Vomiting l 0 1(2 
Total 26 1l 37 (67) 

Treatment: 

. Aminophylline 9 l 10 (18) 
Nitrates 3 0 3 ts} 
Atropine 2 1 3¢ 
Toral ii I 12 (22) 
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supplied the abnormal segment. The coronary 
reserve and angiographic. severity.of multives- 
sel disease in these two studies were similar. We 
therefore cannot confirm that the use of high 
dose dipyridamole improves sensitivity. 

None of the 10 patients with single vessel 
disease had an abnormal stress echocar- 
diogram. This limitation has also been noted by 
Kern et al who were able to provoke new 
regional asynergy with intravenous 
dipyridamole in only three (23%) of 13 patients 
with critical single vessel disease.’ Similarly 
Fung et al, who used dipyridamole stress to 
study open chest dogs with a severe coronary 
stenosis, found echocardiographically detect- 
able dysfunction in only 55% of animals."° 
Dipyridamole stress echocardiography seems 
less sensitive than dipyridamole stress thallium 
scintigraphy.’ '! A possible explanation is that 
small thallium defects, more likely in single 
vessel disease, may not be associated with an 
abnormality of wall motion. Also, apparent 
perfusion defects may only be relative because 
dipyridamole increases flow in the myocardium 
supplied by healthy vessels. Stress induced by 
intravenous adenosine infusion, which is 
limited by troublesome side effects at higher 
infusion rates, also seems more sensitive than 
echocardiography in ‘the detection of coronary 
artery disease with perfusion imaging.” ” 

Seven patients had worsening regional asyn- 
ergy; in-each case hypokinesis deteriorated to 
dyskinesis. Although a baseline wall motion 
abnormality was present in all seven, this was 
subtle in three instances and could easily have 
been overlooked. Whereas worsening asynergy 
is compatible with ischaemia of the remaining 
viable myocardium in an infarct zone, the 
change in regional loading induced by 
dipyridamole is a possible alternative explana- 
tion. Both mechanisms may contribute to dif- 
ferent degrees in individual patients. 

Dipyridamole administration in standard 
doses of 0-56 mg/kg seems to be relatively 
safe. Serious complications, including 
death,'® myocardial infarction, prolonged 
myocardial ischaemia,” and cardiac arrest,'* "° 
have been reported, though rarely. Informa- 
tion on the safety of higher doses is incomplete 
but, in our experience, side effects and severe 
reactions are more common. One of our 
patients who had three vessel disease developed 
prolonged myocardial ischaemia and another 
had an asystolic’ cardiac arrest that was 
preceded by chest pain and new regional asyn- 


' ergy which suggested an ischaemic basis. Two 


patients developed hypotension, bradycardia, 
and syncope. This may reflect adenosine 
induced depression of cardiac conduction tis- 
sue with peripheral vasodilation because one 
had normal coronary arteries and neither had 
evidence of preceding ischaemia. Both respon- 
ded promptly to aminophylline and atropine. 
High dose dipyridamole may be more hazar- 
dous in elderly patients, who tolerate hypoten- 
sion poorly and more frequently have occult 


. disease of the conduction tissue. Only five of our 


patients were 70 or older. 
The use of high dose dipyridamole stress 
during cross sectional echocardiography did 


not seem to improve diagnostic accuracy in 
coronary artery disease and resulted in more 
frequent, and occasionally severe, side effects. 
Further work is needed to determine whether 
digital echocardiographic techniques, which 
allow side by side comparison of wall segments 
before and after drug intervention, improve 
sensitivity.” 


PM is a CORDA research fellow. We are grateful to CORDA, 
the heart charity, for financial support. 
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Are enzymatic tests good indicators of coronary 


reperfusion? 


Hans A Bosker, Arnoud van der Laarse, Volkert Manger Cats, Albert V G Bruschke 


Abstract 

Objective—To assess the accuracy of 
four enzymatic tests, including early 
release rates of creatine kinase and 
a-hydroxybutyrate dehydrogenase, in 
assessing coronary reperfusion after 
thrombolytic therapy. 

Desizgn—A prospective clinical trial 
identifying patients with a successful 
thrombolytic treatment. 

Patients—Eighty nine patients with 
acute myocardial infarction were 
studied. Arteriography showed a closed 
infarct related artery in all of them. 


Reperfusion due to thrombolysis 
occurred in 74 patients and there was no 
reperfusion in 15 patients. 


Results—The 74 patients showing 
coronary reperfusion had a significantly 
shorter time to peak creatine kinase 
activity, higher early release rates for 
creatine kinase and «a-hydroxybutyrate 
dehydrogenase, and a more rapid release 
of a-hydroxybutyrate dehydrogenase 
(ratio of cumulative release of a«a- 
hydroxybutyrate dehydrogenase during 
the first 24 hours to that 72 hours after 
infarction). All these differences were 
statistically significant (p < 0:001). 
Optimum cut off levels were determined 
with decision level plots and the 
accuracy of the four enzymatic tests was 
calculated. Accuracy was low for all four 
tests (73%, 70%, 70%, and 82%). 

Conclusion-——None of the four 
enzymatic tests accurately predicted the 
perfusion state of the infarct related 
coronary artery after thrombolysis. 
These tests cannot be used reliably in 
routine clinical practice as non-angio- 
graphic markers of coronary reper- 
fusion. 


Thrombolytic therapy for acute myocardial 
infarction is used to achieve reperfusion of the 


‘infarct related coronary artery. Intracoronary 


thrombolysis needs emergency cardiac cath- 
eterisation and so is of limited value. This has 
led to widespread use of intravenous adminis- 
tration of thrombolytic drugs. Hence, reliable 
methods, other than angiographic evidence, 
are needed to detect coronary reperfusion. In 
previous studies, relief of chest pain, resolu- 
tion of ST segment elevations,**? and 
occurrence of specific arrhythmias®* were used 
as markers of reperfusion. Also, after reper- 


. fusion of an acutely occluded coronary artery 


early peaking of plasma creatine kinase ar 
creatine kinase MB activity™"? as well as oth: 
cardiac enzymes’ ’* were found. These nor 
invasive criteria are neither sensitive nx 
specific, however, as indicators of recanalis: 
tion.” ! Even when they are used in combin: 
tion, their predictive accuracy is high on 
when they are concordant. Unfortunatel 
concordance occurs in only 14% of patien 
with reperfusion and in 79% of patients witl 
out.” Recently, several investigators hav 
evaluated the rapid initial increases in plasm 
creatine kinase and creatine kinase M 
activity as non-angiographic markers of reper 
fusion.'*’® The onset of these increases close] 
reflected the time of angiographic documents 
tion of reperfusion. As indicators of coronar 
artery reperfusion they seemed to be highl 
sensitive and specific. 

Analogous to this rapid initial increase i 
plasma creatine kinase activity anothe 
enzymatic marker of reperfusion could be tk 
rapid initial increase in plasma activity of ¢ 
hydroxybutyrate dehydrogenase. To dete 
mine the accuracy of enzymatic tests in asses: 
ing coronary reperfusion we compared fot 
different enzymatic variables: (1) the time t 
peak creatine kinase activity; (2) the earl 
release rate of creatine kinase activity; (3) th 
early release rate of a-hydroxybutyrat 
dehydrogenase; and (4) the rate of a 
hydroxybutyrate dehydrogenase releas 
represented by the ratio of quantities release: 
in 24 hours and 72 hours. The diagnosti 
effectiveness and efficiency of these tests wer 
evaluated by cumulative distribution analysi 
graphs” (as an alternative to receiver operat 
ing characteristic curves”) and decision lev: 
curves,” 


Methods 

PATIENTS 

Patients studied were part of a prospectiv 
trial with 201 consecutive patients treate 
with intravenous and intracoronary streptc 
kinase for acute myocardial infarction accord 
ing to a standardised protocol (750 000 II 
intravenous streptokinase and 250000 IT 
intracoronary streptokinase). The aims of thi 
prospective trial were to identify patients wit 
a successful thrombolytic treatment and t 
study the effects of elective percutaneou 
transluminal coronary angioplasty (PTCA 
which was used for prophylactic reasons afte 
successful thrombolysis. Acute coronar 
angiography was performed in all patient: 
Only patients with an occluded infarct relate 
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artery before the start of intracoronary strep- 
tokinase infusion were included in the present 
analysis. Two groups of patients were com- 
pared: (1) patients without reperfusion— 
namely, those in whom the infarct related 
artery remained occluded at the end of 
intracoronary administration of streptokinase 
(Thrombolysis in Myocardial Infarction Trial 
(TIMI) grade 0 or 1”), and (2) patients with 
reperfusion—that is, with a patent infarct 
related artery at the end of intracoronary 
infusion of streptokinase (TIMI grade 2 or 3). 
Patients without a significant rise in serum 
enzymes, defined as a cumulative release of «- 
hydroxybutyrate dehydrogenase in the first 72 
hours <150 U/l, were excluded from the 
analysis, as they had minimal or no myocar- 
dial necrosis after successful thrombolytic 
therapy. Other exclusion criteria were first 
blood sample taken > six hours after the 
onset of symptoms and an interval of >10 
hours between the first two blood samples. 


MEASUREMENTS OF SERUM ENZYME ACTIVITIES 
Samples of 5ml of venous blood were 
obtained at admission, then every six hours 
until creatine kinase activity reached its high- 
est value and thereafter daily for the next 
three days. The blood samples were allowed 
to clot and the activities (U/l) of creatine 
kinase and «-hydroxybutyrate dehydrogenase 
in the serum were measured with an auto- 
analyser (DuPont ACA) in the Department of 
Clinical Chemistry at our hospital. 


CALCULATION OF CUMULATIVE 
&-HYDROXYBUTYRATE DEHYDROGENASE 

Van der Laarse et al used a two compartment 
model to account for the kinetics of myocar- 
dial proteins between the intravascular and 
extravascular spaces.” We used this model to 
calculate the amount of a-hydroxybutyrate 
dehydrogenase that entered a litre of plasma 
up to a certain time. The total a-hydroxy- 
butyrate dehydrogenase activity released by 
the infarcted myocardium in the first 24 hours 
(Qa) and the first 72 hours (Q) were cal- 
culated and expressed in U/l; Q, is con- 
sidered to represent the ultimate infarct size.” 


CALCULATION OF EARLY RELEASE RATE OF 
CREATINE KINASE AND &@-HYDROXYBUTYRATE 
DEHYDROGENASE 

For both enzymes the difference in total 
activity of the first two samples was divided by 
the time between these samples. This gave the 
early release rate of enzyme expressed in 
U/I/h. 


CALCULATION OF &@-HYDROXYBUTYRATE 
DEHYDROGENASE RELEASE RATE 

Another method to measure the rate at which 
a-hydroxybutyrate dehydrogenase which is 
released from the myocardium into the circu- 
lation is to calculate the ratio of the quantities 
of a-hydroxybutyrate dehydrogenase released 
in the first 24 hours and the first 72 hours 
(Q »4/Q 7). This method was also used in the 
randomised streptokinase trial conducted by 
The Netherlands Interuniversity Cardiology 
Institute.” 
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ANALYSIS 

For comparative analysis we used cumulative 
distribution analysis graphs,” directly plot- 
ting sensitivity and specificity against all pos- 
sible cut off points. To select the optimum 
decision threshold a decision level curve was 
used,” with which the difference between the 
true positive rate (sensitivity) and the false 
positive rate (100-specificity) was plotted 
against all possible cut off levels. 

The Mann-Whitney rank sum test was used 
to assess differences between means of data in 
reperfused and non-reperfused patients. Two 
tailed p values are reported. A p value of 
<0-05 was regarded as statistically significant. 


Results 

From September 1987 to July 1989, 201 con- 
secutive patients were treated with intravenous 
and intracoronary streptokinase for acute 
myocardial infarction according to a standar- 
dised protocol. The initial coronary angiogram 
showed that the infarct related coronary artery 
was patent in 89 patients (44:3%). These 
patients were excluded from the analysis. 
Twenty three of the 112 remaining patients 
were excluded because of (a) minimal or no 
myocardial necrosis—that is, a Q,, <150 U/l 
(one patient), (6) time of first blood sample > six 
hours after onset of infarction (four patients), 
(c) time interval between the first two blood 
samples >10 hours (seven patients), and (d) 
incomplete data due to early death in hospital 
or transfer to other departments (11 patients). 

Thus 89 patients formed our study popula- 
tion; 74 showed reperfusion of the infarct 
related artery after intracoronary streptokinase 
and 15 showed no reperfusion. 

Table 1 presents the results of the four 
enzymatic tests for these patients. Reperfused 
patients showed a shorter time to peak creatine 
kinase activity, more rapid early release rates of 
creatine kinase and  «a-hydroxybutyrate 
dehydrogenase and also a higher Q,,/Q,, ratio 
than non-reperfused patients. The differences 
between groups were highly significant for all 
enzymatic tests. The enzymatic infarct size as 
measured by cumulative release of a- 
hydroxybutyrate dehydrogenase during the 
first 72 hours (Qn) was not different between 
groups. 

Figure 1 presents the cumulative distribu- 
tion analysis graphs for the four enzymatic 
tests. It seemed that none of the four tests was 
sufficiently sensitive or specific to assess reper- 
fusion. Using decision level plots, we deter- 
mined the optimum decision threshold value 
for all four enzymatic tests and measured 
sensitivity, specificity, accuracy, and the 
predictive values of a positive test and a 
negative test. Accuracy is defined as true 
positives plus true negatives divided by the 
number of patients tested. Table 2 summarises 
the results. Despite optimal cut off values the 
accuracy of the tests was low with 82% as the 
highest value for Q,,/Q,,. The predictive value 
of a negative test was very low for all tests. The 
ratio Q,,/Q.,. had the best predictive value of a 
negative test (50%). This is still low and not 
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Table 1 Results of enzymatic tests for reperfusion tn patients with reperfused and non- 
reperfused infarct related coronary arteries as documented angiographically 


Variable 


No of patients 
Time to peak CK 


(h) 
Early release rate of CK (U/1 


Early release rate of HBD 
Release rate of HBDH 


1/h) 
(Qul 
Enzymatic infarct size (Q,, (U/1)) 


Reperfusion No reperfusion 
(mean (SD)) (mean (SD) ) 


p Valus* 
74 15 
13-1 (8-3) 24-0 F < 0-0001 
89-3 (84:8) 29:2 (28:9) 0-0008 
54-9 (49:3) 17-6 (17-4) 0-0095 
0-65 (0-16) 0-50 (0-09) 0-0002 
1336 (841) 1213 (587) NS 


*Mann-Whitney rank sum test (two sided). 
CK creatine kinase; HBDH, a-hydroxybutyrate dehydrogenase. 


Cumulative distribution 
analysts graphs for the 
four enzyme tests. 


relevant for clinical practice. The predictive 
value of a positive test was high for all tests but 
this was due to a high pretest probability for a 
positive test result. 


Discussion 

The results, using the methods in this study, 
show that none of the four enzymatic tests is 
accurate enough to be of clinical use in identi- 
fying coronary reperfusion. These observa- 
tions contrast with the findings of Garabedian et 
al, Lewis et al, and Ong et al.'™"' Neither the 
early increase in creatine kinase activity nor the 
early increase of «-hydroxybutyrate dehydro- 
genase was accurate (70% for both; table 2) in 
assessing the reperfusion state of the infarct 
related artery. In comparison with the other 
investigations there are differences in methods 
and the definition of reperfusion. In the 
other studies"? blood samples for enzyme 
measurements were taken at shorter intervals 
(15-120 minutes) than ours. Ong et al stated, 
for their reperfusion model, that the most 
important discriminating factor between 
reperfusion and non-reperfusion is the time to 
onset of increase in creatine kinase MB 
activity.’ In the case of reperfusion, the initial 
increase occurred at the time of reperfusion; 
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there was an early rapid rate of increase, which 
then progressively declined. So, with a longer 
interval between taking the first two blood 
samples, as in our study, the initial rapid 
increase rate could be missed. Garabedian et al 
and Lewis et al also determined the rate of 
increase in creatine kinase MB activity in the 
very early phase of reperfusion and found that 
several empirical estimates of the rate of 
increase could differentiate between patients 
with reperfusion and without." ® 

The definition of reperfusion is not the same 
for all studies mentioned earlier. Garabedian et 
al defined reperfusion as complete distal 
opacification of the previously occluded coron- 
ary artery (TIMI grade 2 or 3).'’ The same 
definition was used in our study. This definition 
includes patients with slow and rapid filling of 
the distal part of the coronary artery, and hence 
with slow and rapid appearance patterns of 
cardiac enzymes. Lewis and coworkers, how- 
ever, studied only reperfused patients with a 
complete and rapid filling of the infarct related 
artery (TIMI grade 3), and they found that the 
rates of absolute increase in creatine kinase and 
creatine kinase MB activity completely 
separated the patients with from the patients 
without reperfusion." These findings indicate 
that a rapid initial increase in cardiac enzyme 
activity in plasma depends upon the re-estab- 
lishment of perfusion with normal coronary 
blood flow rather than simply patency of the. 
infarct related artery. Although in our study 
reperfused patients showed a shorter time to 
peak creatine kinase activity and more rapid 
early release rates of creatine kinase and 
a-hydroxybutyrate dehydrogenase than non- 
reperfused patients, and the differences reached 
significance, we could not determine an index of 
coronary artery reperfusion with plasma 
enzyme tests that clearly distinguished be- 
tween reperfused and non-reperfused patients. 
Even theoptimum cutoff points for the different 
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Table 2 Sensittvity, specificity, accuracy, and predictive values at optimal decision threshold levels of four enzymatic 
tests for reperfusion applied to patients with acute myocardtal infarction having reperfusion (74) and no reperfusion 


(15), after early thrombolytic therapy. 








Enzymatic test threshold Sensitivity Specificity Accuracy PY + PV— 
Time to peak (h) <13 69 93 73 98 38 
Early release rate CK a >341 68 80 70 94 33 
Early release rate HBD ; ijb) >270 68 80 70 94 33 
Release rate HBDH ( 70-51 86 67 82 93 50 
All values are in percentages. 


PV+, predictive value of a positive test result; PV—, predictive value of a negative test result; CK, creatine kinase; 


HBDH, a-hydroxybutyrate dehydrogenase. 


tests determined with the use of decision level 
curves were not useful to separate reperfused 
from non-reperfused patients. These findings 
indicate that the rapid release of cardiac 
enzymes after reperfusion does not depend on 
reperfusion alone but also depends on several 
other factors. The recovery of coronary blood 
flow after recanalisation affects the rate of 
appearance of cardiac enzymes, which is in 
accordance with the bi-exponential model of 
Ong et al.’ Another factor is the ultimate size of 
infarction. When the amount of necrosis is 
small and the total release of enzyme activity 
(Q; is low, the early release rate will also be 
low and may approach the values seen in 
patients without reperfusion. Also, the interval 
between infarction and reperfusion determines 
the early release rate of cardiac enzymes. In late 
reperfusion, irreversible microvascular chan- 
ges occur and nutritive flow is not completely 
re-established even with a patent infarct related 
coronary artery.”* Therefore, even with suc- 
cessful thrombolysis in late reperfusion, the 
pattern of appearance of cardiac enzymes may 
resemble that of permanent occlusion. These 
factors can easily explain the overlap in early 
release rate of creatine kinase or a-hydroxy- 
butyrate dehydrogenase from reperfused and 
non-reperfused patients, making these enzy- 
matic tests of little use in routine clinical 
practice. 

Early reocclusion of the infarct related artery 
after initial successful thrombolysis may also be 
responsible for the discrepancy between 
enzymatic indices of reperfusion taken over a 
long period (24 hours) and angiographic assess- 
ment of reperfusion obtained during the 30 
minute period of intracoronary infusion of 
streptokinase. We found no symptomatic re- 
occlusion during the first 24 hours after re- 
canalisation, however. Early asymptomatic 
reocclusion cannot be excluded because early 
repeated coronary arteriography was not per- 
formed, but it is unlikely to have occurred in 
many cases. 

With regard to intravenous thrombolysis it is 
of great importance to detect accurately and in 
an early phase patients with persistent oc- 
clusion of the infarct related artery despite 
thrombolytic treatment, because these patients 
might benefit from further interventional pro- 
cedures such as “rescue” PTCA to restore 
coronary blood flow.” * The predictive value of 
a negative test result is very low for all enzy- 
matic tests (table 2), especially for the early 
release rates of creatine kinase and a-hydroxy- 


butyrate dehydrogenase, the two tests that will 
give a result within the first hours of infarction, 
when rescue PTCA may be considered. In the 
presence of a low pretest probability of non- 
reperfusion, enzymatic tests will not dis- 
criminate accurately between patients with and 
without reperfusion of the infarct related 
coronary artery. It seems likely that other more 
refined or sophisticated assays, such as those for 
creatine kinase isoforms,” ” have the same 
limitations in predicting coronary reperfusion 
because their rate of appearance is affected by 
the same factors as affect the enzymes we 
measured. 

Possibly the results would have been 
improved if we had taken blood samples more 
frequently; however, a high sampling rate 
makes the test cumbersome in routine clinical 
practice. It seems that currently only coronary 
arteriography allows accurate assessment of the 
perfusion state of the infarct related artery, 
particularly in the very early stage of myocar- 
dial infarction when further interventional 
procedures may still be beneficial to the patient. 
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Long term course and cardiac sympathetic nerve 
activity in patients with hypertrophic 


cardiomyopathy 


Masami Shimizu, Norihiko Sugihara, Yoshihito Kita, Kuniyoshi Shimizu, Yuki Horita, 
Kenichi Nakajima, Junichi Taki, Ryoyu Takeda 


Abstract 

Objective—To investigate the relation 
between regional myocardial sympath- 
etic nerve activity and the electro- 
cardiographic and cardiac functional 
changes in hypertrophic cardiomyo- 
pathy. 

Design—A retrospective study to 
compare the findings of myocardial 
scintigraphy with iodine-123 meta- 
lodobenzylguanidine (MIBG) and the 
serial electrocardiographic changes. 

Setting—Myocardial scintigraphy was 
performed with iodine-123 MIBG and 
thallium-201 and single photon emission 
computed tomography (SPECT) in the 
division of nuclear medicine of Kana- 
zawa University Hospital. Both SPECT 
studies were performed within a week. 

Patients—22 patients with hyper- 
trophic cardiomyopathy classified accor- 
ding to their serial electrocardiographic 
changes—namely, 15 patients with an 
increase in or the appearance of a 
negative T wave (group A) and seven 
patients with a conduction disturbance 
or a decrease in or disappearance of the 
negative T wave (group B). The mean 
follow up period was 45 (range 12-143) 
months. 

Results—Group B showed a high rate 
of decreased activity or defects in MIBG 
uptake compared with group A 
(p < 0:005). The areas of decreased 
activity or defects corresponded with the 
hypertrophied portion of the left ven- 
tricular wall. Although the early 
myocardial uptake (MIBG: thallium 
ratio) was similar in both groups, the 
mean (SD) MIBG clearance rate was sig- 
nificantly higher (p < 0-05) in group B 
(0:25 (0°17)) than in group A (0-10 (0-15)). 

Conclusion—Abnormalities of re- 
gional myocardial sympathetic nerve 
activity may be important in patients 
with hypertrophic cardiomyopathy and 
suspected progression of myocardial 
damage. 


The clinical course of hypertrophic cardio- 
myopathy varies considerably. Some patients 
remain symptom free for many years, whereas 
others die suddenly or develop congestive 
heart failure after a short time. Cases in which 
the disease progresses to a dilated car- 
diomyopathy, with left ventricular dilatation, 


left ventricular wall thinning, and left ven- 
tricular systolic impairment, have also been 
reported.’ Electrocardiographic changes, 
particularly in T waves, occur in hypertrophic 
cardiomyopathy. We examined the relation 
between these T wave and functional changes, 
and reported that cardiac function was 
depressed in patients in whom a negative T 
wave decreased or disappeared.‘ It is not 
known how localised sympathetic nerve 
activity in the heart is involved in these 
changes. 

Meta-iodobenzylguanidine (MIBG) is a 
guanetidine analogue known to produce effects 
similar to those of noradrenaline. For this 
reason scintigraphy with radiolabelled 
analogues shows promise as an aid in the 
study of the role of sympathetic nerve 
innervation in heart function.” In the present 
study we used MIBG to investigate the rela- 
tion between sympathetic nerve activity in 
different myocardial regions and the electro- 
cardiographic and cardiac functional changes 
that occur in hypertrophic cardiomyopathy. 


Patients and methods 

PATIENTS 

We studied 22 patients with hypertrophic car- 
diomyopathy in whom electrocardiographic 
changes could be serially followed for more 
than 12 months. Hypertrophic cardio- 
myopathy was diagnosed in 20 of these 
patients by cardiac catheterisation with 
endomyocardial biopsy and in the remaining 
two patients by electrocardiographic and 
echocardiographic testing. As judged by left 
ventriculography, biventriculography, and 
echocardiography, hypertrophy, mainly of the 
interventricular septum, was present in 19 
patients, hypertrophy of the apical portion in 
two patients, and global hypertrophy in one 
patient. The disease was non-obstructive in 
20 and obstructive in two patients. The 22 
patients were classified into two groups based 
on the serial electrocardiographic changes. 
Group A consisted of those who showed an 
unchanged T wave, positive T wave dis- 
appearance, or negative T wave deepening of 
more than 0-5 mV, during the study. Group B 
consisted of patients whose negative T wave 
decreased by more than 0-5 mV or those in 
whom the conduction system was disturbed. 
There were 15 patients (11 men and four 
women) in group A, and seven patients (four 
men and three women) in group B. In group 
A 12 patients were in New York Heart 
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York Heart Association class I and three were 
in class II. In group B four were in class II 
and three were in class ITI. 


SCINTIGRAPHY 

The patients were instructed to fast on the day 
of the radionuclide study and to continue the 
fast until the study ended. The patients 
received their usual medications, which 
included calcium channel blockers and 
antiarrhythmic agents. No patient was receiv- 
ing reserpine or tricyclic antidepressants. All 
patients gave their informed consent to the 
protocol of MIBG imaging as part of a clinical 
trial. 

An intravenous injection of 140-180 MBq 
(3-8-4-9 mCi) of *~I-MIBG was given bet- 
ween 9.00 and 10.00 am and the first and 
second single photon emission computed 
tomography (SPECT) studies were started 
about 20 minutes and three hours thereafter. 
The SPECT system (Shimazu ZLC 7500- 
scintipac 700) consisted of a dual headed scin- 
tillation camera equipped with high resolu- 
tion, low energy, parallel hole collimators. A 
total of 60 projection images were obtained 
over 360° in 6° increments with 30 seconds for 
each view. After preprocessing of the projec- 
tion images with nine point weighted smooth- 
ing, transaxial tomographic slices were recon- 
structed by use of Shepp-Logan’s filtered back 
projection algorithm. Neither a scatter correc- 
tion nor an absorption correction was applied. 

The thallium-201 SPECT study was per- 
formed within a week of the MIBG study 
with only a resting image obtained. Data 
acquisition was started 15 minutes after the 
administration of 120 MBq (3:2 mCi) 
thallium-201. The acquisition conditions and 
reconstruction method were the same as those 
of the MIBG study. 


DATA ANALYSIS 

The SPECT data were analysed as follows: 
rectangular regions of interest, usually 5 x 5 
pixels in size, were placed over the septum, 
apex, lateral wall, ling, and mediastinum in 
both the I-MIBG and T] transaxial 
images. To calculate the absolute uptake, an 
8 ml vial containing 7:4 MBq (0:2 mCi) of 
either ‘“I-MIBG or *'TI was placed in the 
centre of rotation in air and the SPECT count 
in the reconstructed image was measured. A 
cross calibration factor between the SPECT 
count and the amount of radioactivity was 
determined. The total injected dose in each 
patient was calculated by the difference be- 
tween the radioactivities of the syringe before 
and after injection. The average SPECT 
count in a region of interest was divided by 
the total injected dose after conversion from 
MBq to counts by means of the cross calibra- 
tion factor. For the delayed image the value 
was again corrected for the size and decay of 
the region of interest. To estimate the MIBG 
concentration per unit of blood flow the uptake 
ratio MIBG:thallium was calculated from the 
corrected uptake. The clearance rate of MIBG 
(washout rate) was calculated as (early uptake 
— delayed uptake) + early uptake in each 


segment from the regions of interest on 
transaxial images. These analyses were per- 
formed on the septum, generally the most 
hypertrophic region, and on the apical por- 
tion. 

Visual evaluation of the presence or absence 
of defects in the MIBG SPECT images was 
performed in the following way to minimise 
bias in interpretation. A group of cardiologists 
determined the most hypertrophic region 
from the ventriculographic and _ echocar- 
diographic findings. Sites of MIBG defects 
were determined in the delayed MIBG images 
by two nuclear medicine experts who were 
unaware of the  ventriculographic and 
echocardiographic findings. Finally the two 
sets of results were combined. 


ECHOCARDIOGRAPHY 

Cross sectional echocardiographic studies that 
comprised long axis, short axis, and apical 
four chamber views were performed within 
one week of the radionuclide studies in all 
patients. The hypertrophied sites were iden- 
tified and the thickness of the septum and 
posterior wall of the left ventricle was 
measured. 


STATISTICAL ANALYSIS 

All data are expressed as mean (1 SD). The 
significance of the variance of the means was 
determined by Student’s ¢t test. The presence 
of MIBG defects was assessed by the x° test. 
Differences were considered statistically sig- 
nificant at p < 0-05. 


Results 

There was no significant age difference between 
the two groups (50-1 (11-4) for group A and 
59-4 (7-3) for group B). Also the thickness of the 
left ventricular wall did not differ significantly 
between the two groups (interventricular septal 
thickness 16-3 (3-4) mm and 18-3 (2:0) mm, left 
ventricular posterior wall thickness 12-1 (3-0) 
mm and 10-7 (2-9) mm in groups A and B 
respectively). 


ELECTROCARDIOGRAPHIC CHANGES AND MIBG 
DEFECTS 

The table shows the serial electrocardio- 
graphic changes, hypertrophied sites, and 
MIBG defect sites. Mean follow up was 45 
(range 12-143) months. In group A the elec- 
trocardiographic changes consisted of further 
deepening of the negative T wave in one patient 
and no change in the other 14. By contrast, in 
group B the negative T wave decreased in four 
patients including one patient in whom it 
disappeared. The results for the remaining 
three patients were complicated by conduction 
system disturbances consisting of atrial fibrilla- 
tion, right bundle branch block, and sick sinus 
syndrome in one case each. Defects in MIBG 
uptake were found in only one of the 15 patients 
of group A but in six of the seven patients in 
group B (p < 0-005), the one remaining patient 
in group B had a thallium scan defect in the 
hypertrophied interventricular septum. The 
MIBG defect sites were mostly at the sites of 
wall hypertrophy (table). 


Electrocardiographic changes, sites of wall hypertrophy, 


and MIBG defects 
Patient Hyper- MIBG 
(age) sex ECG change trophy defect 
Group A: 

1(45)M LVHNT => NTT AS 

2(53)F LVH + NC ALL 

3(63)M LVHNT + NC AS 

4(69)M LVH GNT => NC AS,Ap 

5(28 M LVHNT = NTT Ap 

6(54)M LVHNT - NC AS, Ap 

7(44)M LVHGNT + NC AS 

8(40)M LVHNT = NT AS, Ap 

9(54)M h-RNT > NC S 

10(67)F LVH ~ NC AS,Ap A,Ap 

11(53)F LVH - NC AS 

12 (39M LVHNT ~ NC Ap 

13(48)M LVHNT => NC AS,Ap 

14(56)F LVH =» NC AS 

15(38)M LVHNT + NC AS 
Group B: 

1(69)M LVH GNT =- NT] AS,Ap Ap 

2(57)F LVHNT ~ Af S 

3(66)M LVH GNT = NT] AS,Ap AS,Ap,I 

4(63)M LVH GNT ~ NT] AS,Ap AS, Ap, I 

5(58)F LVHRBBBQS — NC AS S 

6(47)M LVH GNT -+ NTI AS,Ap Ap 

7(56)F LVH SSS ~ NC S,I S, I 


ECG, electrocardiogram; LVH, left ventricular hypertrophy; 


NT, negative T wave (less than — 1-0 mV) in precordial leads; 
GNT, giant negative T wave (more than —1:0 mV) in 
precordial leads; NTÎ increased negative T wave; NT], 
decrease or disappearance of negative T wave; h-R, high R 
wave in right precordial leads; RBBB, right bundle branch 
block; QS, QS pattern in anterior precordial leads; SSS, sick 
sinus syndrome; Af, atrial fibrillation; NC, no change; ALL, 
global hypertrophy of left ventricle; AS, anteroseptal wall; A, 
oo wall; S, interventricular septum; Ap, apex; I, inferior 
wall. 


31 July 1989 


24 June 1985 
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Figure 1 Electrocardiograms from a patient in group A 
showing slight T wave changes between the 
electrocardiograms. Increased accumulation, 
predominantly in the interventricular septum, was found 
on both the thallium image and MIBG image. 


EXAMPLES OF ACTUAL CASES 

Figure 1 shows the results for one patient in 
group A, a 53 year old woman, Only slight T 
wave changes occurred between the 1985 and 
1989 electrocardiograms. On the thallium 
image increased accumulation occurred 
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Figure 2 Electrocardiograms from a patient in group B 
showing that the giant negative T wave had disappeared 
from the second electrocardiogram. On the thallium image 
increased accumulation was found predominantly in the 
apex. On the MIBG image defects were found in the 
apex, inferior wall, and anterior wall (arrows). 


predominantly in the interventricular septum; 
increased accumulation at the same site on the 
MIBG image. Figure 2 shows the results for 
one patient in group B, a 66 year old man, A 
giant negative T wave of > 1-0 mV was found 
on the 1977 electrocardiogram. This had dis- 
appeared on the 1989 electrocardiogram. On 
the thallium image increased accumulation was 
found predominantly in the apex whereas on 
the MIBG image defects were found from the 
apex to inferior wall and part of the anterior 
wall. 


EARLY UPTAKE AND CLEARANCE OF MIBG 

There was no difference in early uptake 
(MIBG : thallium) between the two groups 
(0-57 (0-17) for group A and 0:58 (0-20) for 
group B). By contrast, MIBG clearance was 
significantly greater in group B (0:25 (0-17) v 
0-10 (0-15)) (fig 3). 


Discussion 

Disproportionate hypertrophy of the left ven- 
tricle is a characteristic feature of hypertrophic 
cardiomyopathy, the clinical course of which is 
extremely variable. In 1979 Cate and Roelandt 
reported on two adult patients with hyper- 
trophic obstructive cardiomyopathy who 
showed left ventricular dilatation.’ Sub- 
sequently, there have been several reports of 
patients with hypertrophic cardiomyopathy 
undergoing transition to a dilated cardio- 
myopathy-like disease over a course of three 
to 17 years.*** Spirito et al investigated 217 
patients with hypertrophic cardiomyopathy 
and reported left ventricular systolic dysfunc- 
tion in about 10%.” Also patients with a poor 
left ventricular ejection fraction also had left 
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Figure 3 Early uptake and MIBG clearance in the two 
groups. There was no difference in early uptake between 
the two groups but clearance of MIBG was significantly 
greater in group B. 


ventricular wall thinning and cavity enlarge- 
ment. Nagata et al in a study of patients with 
familial hypertrophic cardiomyopathy found 
that older patients 
diminished contraction of the left ventricle 
more frequently than younger patients. None 
the less, transition to dilated cardiomyopathy 
has been reported in children.* Necrosis due to 
narrowing of the small coronary arteries, 
progression of fibrosis, and disarray have all 
been implicated as causes of the change from 
hypertrophic cardiomyopathy to dilated 
cardiomyopathy in studies of endomyocardial 
biopsies and histological examination at 
necropsy.’ '' It is not known how regional 
myocardial sympathetic nerve activity changes 
in association with these histological changes 
and myocardial systolic dysfunction. 

Because the effects of MIBG are simular to 
those of noradrenaline, is a promising indicator 
of regional sympathetic nerve activity and is 
already used as a sympathetic nervous system 
imaging agent in the diagnosis of disorders 
such as pheochromocytoma.'* Recently it has 
been reported that MIBG accumulates in the 
heart as well as the adrenal medulla, and it is 
attracting attention as a useful indicator of 
Cardiac sympathetic nerve activity. Despite 
experimental evidence that catecholamines are 
involved in the aetiology of hypertrophic 
cardiomyopathy,’* there have been few reports 
of sympathetic nerve imaging in this condition. 

We used MIBG to evaluate the correlation 
between sympathetic nerve function in the 
heart and the pathophysiological changes that 
occur in hypertrophic cardiomyopathy. Trans- 
port of MIBG to the tissues is dependent on 
blood flow. In hypertrophic cardiomyopathy 
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the small coronary arteries are narrowed,” "° 
and diminished coronary flow reserve’?* and 
perfusion abnormalities have been shown by 
thallium myocardial scintigraphy.7” To 
correct for the influence of these blood flow 
abnormalities, MIBG uptake was expressed as 
a ratio to thallium uptake imaged under the 
same conditions. At the time of visual evalua- 
tion, we judged as abnormal only those sites 
that showed adequate thallium accumulation 
together with decreased MIBG accumulation 
or defects; we excluded patients that showed 
defects on the thallium image. Because at that 
time there were no established quantitative 
nuclear medicine techniques to correct for 
scatter and absorption such correction was not 
attempted. Thus correction factors were not a 
source of error when the uptake ratio MIBG: 
thallium was calculated. 

The electrocardiographic course in 100 
patients with hypertrophic cardiomyopathy 
was assessed by McKenna et al; follow up 
results showed increased voltage in most and 
reduced voltage in only four patients.” We 
previously reported in a study of patients with 
hypertrophic cardiomyopathy in whom left 
ventriculography was performed more than 
twice that T wave changes on the electrocar- 
diograms more sensitively expressed the patho- 
physiological changes of hypertrophic car- 
diomyopathy than did the differences in voltage 
(SV1 + RV5).* In cases showing inversion of a 
positive T wave or increase of a negative T 
wave, left ventricular wall hypertrophy 
progressed. Conversely, in cases in which a 
negative T wave decreased or disappeared, left 
ventricular systolic function was depressed 
with wall thinning, particularly of the apical 
portion. A defect in MIBG uptake was found in 
the hypertrophied site in only one case in group 
A. This extended from the anterior of the left 
ventricle to the apical portion. By contrast, in 
six of the seven patients in group B in whom a 
negative T wave decreased or in whom conduc- 
tion system disturbances were found, MIBG 
defects centred roughly on the site of hyper- 
trophy in the ventricle and in the one remaining 
patient, both thallium and MIBG defects were 
found in the hypertrophied site. We speculate 
that a decrease in the negative T wave is 
brought about by primary changes such as 
aggravated ischaemia due to progressive im- 
pairment of the microcirculation and increased 
stress in association with dilatation of the left 
ventricular chamber. Secondary changes due 
to a reduction in voltage after myocyte degen- 
eration and necrosis and left ventricular wall 
thinning as well as interventricular conduction 
disturbances may also play a part. A decrease in 
the negative T wave was found in four of the 
seven patients in group B, although this was 
accompanied by a decrease in the R wave in 
only two of these patients. This suggests that 
decreases in the negative T wave and R wave 
are not necessarily associated. Also, findings 
that suggested worsening of conduction distur- 
bances, such as prolongation of the QRS 
interval, were not found in any patient. This 
suggests that this decrease in the negative T 
wave does not have a single cause, but is the 
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result of various factors such as myocyte 
degeneration and necrosis and aggravation of 
ischaemia leading to the development of 
myocardial interstitial fibrosis and changes in 
cardiac sympathetic nerve distribution—these 
are indicated by the MIBG defects. The 
possibility that primary abnormalities of the 
cardiac sympathetic nerves influence the myo- 
cytes and result in T wave changes, cannot 
however, be excluded. 

To evaluate the MIBG uptake per unit of 
blood flow, the MIBG : thallium ratios from 
the regions of interest were examined. No 
difference in early uptake between the two 
groups was found, but MIBG clearance was 
greater in group B. Henderson et al studied 16 
patients with congestive cardiomyopathy and 
reported that the distribution of MIBG activity 
within the myocardial images showed signifi- 
cantly greater heterogeneity in the congestive 
cardiomyopathy group than in the controls.” 
This is consistent with the results of our group 
B. It is thought that a major component of the 
myocardial retention of MIBG is sequestration 
within the noradrenaline storage vesicles of the 
adrenergic nerves.’ Nakajo et al in a study of 
the rat heart reported that intravesicular 
accumulation was relatively uniform, with a 
plateau reached about four hours after 
intravenous injection, whereas extravesicular 
accumulation rapidly decreased from five 
minutes to six hours after injection.” They 
also studied MIBG movement, distinguishing 
between intravesicular and extravesicular sites. 
So there are two explanations why early uptake 
does not differ between the two groups though 
clearance is greater in group B. One possibility 
is that in group B there are few storage vesicles 
in the cardiac sympathetic nerve endings and so 


changes in extravesicular accumulation of 


MIBG play a major part, with a large MIBG 
clearance as a result. The second possibility is 
that in group B MIBG turnover is enhanced. 
According to the report of Glowniak et al, 
uptake of MIBG in the transplanted heart, 
amounts to less than 10% of the uptake in 
controls.” So an enhanced MIBG turnover 
seems more likely. Because cardiac function 
was more often depressed in group B than in 
group A we think that myocardial necrosis and 
scarring developed owing to increased disarray 
and fibrosis and this led to abnormalities of 
regional sympathetic nerve distribution. These 
abnormalities coupled with diminished systolic 
force enhance cardiac sympathetic nerve 
activity and noradrenaline turnover. Kawai et 
al reported that intramyocardial noradrenaline 
was reduced in dilated cardiomyopathy.” We 
believe that as with the disease progressed 
cardiac noradrenaline was further reduced 
leading to a reduction of MIBG uptake and that 
ischaemia due to narrowing of the intramyo- 
cardial small coronary arteries and increased 
fibrosis resulted in considerably depressed 
cardiac function and in thallium defects. 
Recently, reports that mutations in the cardiac 
myosin heavy chain genes are present in 
patients with familial hypertrophic cardio- 
myopathy” ” have been attracting attention. 
On the other hand, Weber et al reported that 
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structural remodelling of collagen, which is the 
extracellular matrix of the myocardium occurs 
in left ventricular hypertrophy.” 

How are these abnormalities related to the 
lack of sympathetic homogeneity found in the 
hearts of patients with hypertrophic cardio- 
myopathy? Clarification of this point awaits the 
results of future studies. Data on normal 
subjects would be of interest, but because this 
study was conducted as part of a clinical trial, it 
was limited to patients with hypertrophic car- 
diomyopathy. Patients in group B were studied 
for longer than patients in group A (72 (44) v 32 
(16) months). Further studies are needed to 
determine whether these changes occur in 
patients with hypertrophic cardiomyopathy 
during a long follow up period and to deter- 
mine the relations between these changes, 
progression of the disease process, and 
prognosis. 
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Myocardial oxygen consumption in aortic valve 
disease with and without left ventricular 


dysfunction 


Juerg Schwitter, Franz R Eberli, Manfred Ritter, Marko Turina, Hans P Krayenbuehl 


Abstract 

Objective—To assess whether and to 
what extent myocardial oxygen con- 
sumption is modified by hypertrophy and 
alterations in contractility in patients 
with aortic valve disease and to evaluate 
the influence of regression of left ven- 
tricular hypertrophy and improvement 
of contractility on myocardial oxygen 
consumption after successful aortic 
valve replacement. 

Design—A cohort analytical study to 
investigate the influence of the “explan- 
atory” variables of myocardial oxygen 
consumption by multiple regression 
analysis. A comparison of myocardial 
oxygen consumption in preoperative 
patients with that after operation in a 
group with comparable severity of aortic 
valve disease before operation (analysis 
of covariance). 

Patients—In six controls and in 43 
patients with aortic valve disease and 
normal coronary arteries standard 
haemodynamic variables were meas- 
ured, left ventricular biplane cine- 
angiography performed, and coronary 
sinus blood flow measured by thermo- 
dilution. The patients were divided into 
three groups: 19 preoperative patients 
with normal ejection fraction (>57%) 
(group 1); nine preoperative patients 
with reduced ejection fraction (<57%) 
(group 2); 16 postoperative patients (one 
with preoperative and postoperative 
measurements (group 3). Postoperative 
evaluation was performed 12-51 months 
after surgery. 

Main outcome measurements— 
Myocardial oxygen consumption/100 g 
left ventricular muscle mass and its sus- 
pected “explanatory” variables—that is, 
peak systolic left ventricular circum- 
ferential wall stress, heart rate, contrac- 
tility (assessed by left ventricular 
ejection fraction), and left ventricular 
muscle mass index. 

Results—Multiple regression analysis 
showed that the product of peak systolic 
stress and heart rate (p < 0-0001) and 
ejection fraction (p < 0°03) were posi- 
tively correlated with myocardial oxygen 
consumption/100 g and that left ventri- 
cular muscle mass index (p < 0-002) was 
negatively correlated with myocardial 
oxygen consumption/100 g (r = 0°72; n = 
50 measurements). Myocardial oxygen 
consumption per 100 g at a given stress- 


rate product was higher in the controls 
than in group 1 (hypertrophied ventri- 
cles with normal ejection fraction) and 
was also higher in group | than in group 
2 (hypertrophied ventricles with reduced 
ejection fraction). In a subgroup of the 
postoperative patients with complete 
regression of hypertrophy and normal- 
isation of contractility, myocardial 
oxygen consumption per 100 g at a given 
stress-rate product was indistinguish- 
able from that in controls. 

Conclusions—When the actual stress- 
rate product was used as an index of 
overall left ventricular performance the 
results suggested that mechanical 
efficiency was increased in hypertrophied 
ventricles especially when contractility 
was decreased. These changes in mech- 
anical efficiency seemed to be reversible 
during the postoperative course when 
muscle mass and contractility returned 
to normal. 


The oxygen consumption of the human heart 
depends upon various factors—mainly systolic 
tension development or systolic wall stress, 
heart rate, and contractility. Of lesser 
importance are the oxygen costs associated 
with shortening and the basal resting metabol- 
ism.? These determinants of myocardial 
oxygen consumption are valid for the normal 
heart at rest and during acute changes of 
loading or inotropism. But it is not known 
whether and to what extent the degree and 
appropriateness of ventricular hypertrophy 
and myocardial contractility, or both, in- 
fluence and modify the relations between the 
myocardial oxygen consumption and its clas- 
sic determinants in the chronically overloaded 
heart. Earlier studies showed alterations in 
coronary blood flow and the myocardial 
oxygen consumption in cardiac hypertrophy, 
but many of these studies involved animal 
models. The present study was performed 
in patients in whom left ventricular hypertro- 
phy had developed in response to the long- 
standing haemodynamic burden of isolated 
aortic stenosis or insufficiency or a combined 
lesion. The patient population was divided 
into two groups—one with left ventricular 
dysfunction and one without. We also 
examined a third group of patients with 
regression of cardiac hypertrophy 26 months 
after successful aortic valve replacement. 

The three objectives of the present investi- 
gation were to evaluate the influence of loading 
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conditions (represented by the product of 
heart rate and peak systolic stress (stress-rate 
product)) on myocardial oxygen consumption 
per 100 g in hypertrophied hearts compared 
with the normal heart; to assess the influence 
of cardiac contractility on myocardial oxygen 
consumption per 100g; and to evaluate 
whether the postoperative regression of left 
ventricular hypertrophy modified the relation 
between the myocardial oxygen consumption 
per 100g and its haemodynamic determin- 
ants. 


Patients and methods 

PATIENTS 

Six patients (four men and two women) with 
normal left ventricular function who under- 
went left heart catheterisation for atypical chest 
pain and had no coronary artery disease served 
as controls. Coronary flow reserve after dipy- 
ridamole was determined by thermodilution 
and was normal in all of them (range 2:18-4:30, 
mean (SD) 2-9 (0-9): normal values 1-74—4-30, 
2-54 (1:02))’. None of the controls was being 
treated with drugs or had a history of arterial 
hypertension; values of fasting plasma glucose 
and cholesterol were in the normal range. 

Thirty patients (21 men, nine women; mean 
(SD) age 61 (7) years) had aortic stenosis and 
were in New York Heart Association (NYHA) 
class 2-2 (SD 0-4). The mean (SD) systolic 
pressure gradient across the aortic valve was.71 
(16) mm Hg. The mean (SD) aortic valve area 
was 0-7 (0-17) cm’, range 0-3-1-0 cm? (includ- 
ing six patients with combined aortic valve 
disease and predominant aortic stenosis defined 
as aortic valve area <1-0 cm’). Thirteen 
patients, all men, (age 51 (8) years) had aortic 
insufficiency and were in NYHA class 2-0 
(SD 0-4). The mean (SD) aortic regurgitation 
fraction determined by thermodilution was 54 
(10)% (range 37-75%). Three of the 13 
patients had combined aortic valve disease with 
predominant insufficiency defined as aortic 
valve area > 1-0 cm’. All patients had normal 
coronary arteries by selective coronary 
arteriography. 

Twenty eight of the 43 patients with aortic 
valve disease were studied preoperatively. In 
four of the six controls and in the 16 post- 
operative patients measurements of coronary 
sinus blood flow and myocardial oxygen con- 
sumption were performed at an ambulatory 
right heart catheterisation. One patient was 
studied both before and after operation. 


PATIENT GROUPS 

Patients were divided in groups as follows: 
controls, six, with normal ejection fraction 
(257%); group 1, 19 patients with aortic 
stenosis or insufficiency and normal ejection 
fraction; group 2, nine patients with aortic 
stenosis or insufficiency and reduced ejection 
fraction (<57%); group 3, 16 patients after 
successful aortic valve replacement for aortic 
stenosis or insufficiency. Group 3 was further 
divided into: group 3A, six patients with com- 
plete postoperative regression of left ven- 
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tricular hypertrophy (normal left ventricular 
muscle mass index <117 g/m*”*) and an ejec- 
tion fraction within the range for the controls 
(63-77%); and group 3B, 10 patients with 
incomplete regression of left ventricular hyper- 
trophy (left ventricular muscle mass index 
> 117 g/m?,n = 4) and/or an ejection fraction 
in the low normal range (57-62%, n = 6). 
Group 2 patients were considered to have 
depressed contractility because their ejection 
fraction was reduced in the presence of an 
afterload and preload that were not different 
from those in the controls. 

Patients in groups 1, 2, and 3 in the 
preoperative state did not differ with regard to 
the NYHA class (table 1). In group 3 two of 16 
patients had mild dyspnoea during exercise 
(NYHA class I-II). In group 1 two patients 
were taking digitalis, two nitrates, two 
angiotensin converting enzyme inhibitors, one 
diuretics, and one calcium antagonists. In 
group 2 three patients were taking digitalis, 
three diuretics, three calcium antagonists, and 
two nitrates. In group 3 five patients were 
taking calcium antagonists, two digitalis, and 
two diuretics. All drugs were stopped at least 24 
hours before catheterisation. 


CATHETERISATION AND CINEANGIOGRAPHY 

The controls and all 43 preoperative patients 
underwent right and left heart catheterisation 
in the fasting state. Informed consent was 
obtained from all patients. Premedication con- 
sisted of oral chlordiazepoxide (10 mg) admin- 
istered an hour before the procedure. Right 
sided pressures and the aortic pressure were 
measured with a 7F Cournand catheter and a 
fluid filed 8F pigtail catheter respectively. In 
patients with aortic valve disease left ven- 
tricular pressure was obtained via a transsep- 
tally inserted 8-5 Brockenbrough catheter. A 
peripheral lead of the electrocardiogram was 
recorded at the same time as the pressures. Left 
ventricular cineangiography was performed in 
the right (30°) and left (60°) anterior oblique 
projections. 

Biplane left ventricular volumes were deter- 
mined according to the area-length method.” 
Left ventricular end diastolic wall thickness 
(cm), muscle mass (g), and muscle mass index 
(g/m*) were measured according to the tech- 
nique of Rackley ez al. The left ventricular 
end diastolic circumferential wall stress was 
calculated according to the formula of Sandler 
and Dodge.” Peak systolic wall stress (Spe) 
was estimated at a point one third through 
ejection as proposed by Gaasch et al.” In the 16 
postoperative patients (group 3) an ambulatory 
right heart catheterisation was performed. A 
8F pigtail catheter was inserted into the pul- 
monary artery. Biplane left ventricular 
angiograms were obtained after injection of 50~ 
60 ml of Jlopamiro 370 (iopamidol and 
trometamol) into the pulmonary artery. In 
these 16 postoperative patients and in four 
controls in whom ambulatory coronary sinus 
blood flow was measured 7—17 days after diag- 
nostic coronary arteriography left ventricular 
end diastolic pressure was replaced by mean 
pulmonary wedge pressure, left ventricular 
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tricular systolic pressure was taken as systolic 
cuff pressure, and mean aortic pressure was 
calculated as diastolic cuff pressure plus one 
third of the pulse pressure amplitude. In the 
postoperative patients the pressure gradient 
across the aortic valve prosthesis was ignored. 


CORONARY BLOOD FLOW MEASUREMENTS ' 
Coronary sinus blood flow was measured after 
the diagnostic catheterisation in 28 pre- 
operative patients with aortic valve disease and 
in two controls. In four controls and the 16 
postoperative patients (one of whom had both 
preoperative and postoperative evaluation) 
measurement of coronary sinus blood flow was 
performed on an ambulatory basis with right 
heart catheterisation—in the postoperative 
patients this was a mean of 26 months (range 
12-52 months) after successful aortic valve 
replacement. Total coronary sinus outflow was 
measured by the coronary sinus thermodilu- 
tion technique.’'* A 7F thermodilution cath- 
eter (CCS-7U-90A or B, Webster Laboratory, 
Altadena, California) was introduced from the 
right femoral vein or in a few cases from the 
right cubital vein and advanced into the coro- 
nary sinus and the dilution thermistor was 
placed 2 cm from the orifice. The position was 
checked by injection of small amounts of con- 
trast dye. Injection of cold saline into the 
superior vena cava did not change the tem- 
perature curve of the thermistor in the coron- 
ary sinus.” The signals of the external (mixing 
temperature of blood and saline) and internal 
(temperature of the injected saline) thermistors 
were recorded on a oscillograph (Electronics 
for Medicine VR-12) at a paper speed of 
5 mm/s. Saline at room temperature was in- 
fused through the thermodilution catheter at a 
rate of 50 ml/min and coronary sinus blood flow 
(ml/min) was calculated according to the for- 
mula of Ganz et al.'* Coronary resistance (CR) 
(mm Hg-min ml~') was calculated according 
to the following equation: 


MAP — CSP 
CSBF 


CR = 


where MAP equals mean aortic pressure 
(mm Hg); CSP, mean coronary sinus pressure 
(mm Hg); and CSBF, coronary sinus blood 
flow (ml/min). Arterial and coronary sinus 
oxygen saturation were measured by an In- 
strumentation Laboratory System 1302 blood 
gas analyser (Nanolab AG, CH-Schilieren). 
Myocardial oxygen consumption (ml/min) was 
determined as the product of the arteriocoron- 
ary sinus oxygen difference (vol%) and the 
coronary sinus blood flow. Coronary sinus 
blood flow, coronary resistance, and the 
myocardial oxygen consumption were standar- 
dised for 100 g of left ventricular muscle mass. 
Because injection of contrast can alter coronary 
dynamics,’® coronary sinus blood flow was not 
recorded within 20 minutes of an injection of 
contrast agent. 

In controls coronary sinus outflow was deter- 
mined at rest as well as after infusion of 
dipyridamole (0-5 mg/kg body weight) over 15 
minutes. The coronary flow ratio (coronary flow 
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reserve) was calculated as coronary sinus blood 
flow after dipyridamole infusion divided by the 
blood flow at rest.’ 


STATISTICAL ANALYSIS 

We used a one way analysis of variance to 
compare data from the controls and the patients 
from groups 1, 2, and 3. If the analysis showed 
an overall significant p value (p < 0-05) we 
used Scheffe’s test to compare all pairs of 
means. When only two groups were compared 
we used the unpaired Student’s t test. Com- 
parisons between pre and post operative data 
for group 3 patients were performed by the 
paired Student’s t test. 

Initially differences in myocardial oxygen 
consumption between the four groups were 
compared by analysis of covariance’? with the 
stress-rate product as a covariate, using the 
correction for multiple tests by Bonferroni. Ina 
second step “explanatory” variables were 
regarded as continuous rather than categorical 
and multiple regressions were performed. In all 
tables values are given as mean (SD). 


Results 

The four patient groups did not differ in age (49, 
59, 58, 57 years) and body surface area (1°86, 
1:79, 1-82, 1-90 m°). None of the patients was 
anaemic and the haemoglobin concentration 
was similar in the four groups. 


HAEMODYNAMICS AND ANGIOGRAPHIC DATA IN 
PREOPERATIVE PATIENTS AND CONTROLS (TABLES 
1 AND 2) 

In the preoperative patients with predominant 
aortic stenosis and left ventricular dysfunction 
(subset of group 2) the aortic valve area was 
slightly smaller (p < 0-05) than in the patients 
without left ventricular dysfunction (subset of 
group 1). The mean aortic pressure gradient 
was similar. 

The left ventricular muscle mass index was 
higher in the preoperative patients with left 
ventricular dysfunction (group 2) and without 
(group 1) than in the controls and the post- 
operative patients (group 3). The left ven- 
tricular end diastolic wall thickness was similar 
in patients in groups 1 and 2 but it was higher 
than in the controls and group 3. The left 
ventricular end diastolic volume index in group 
2 was larger than in the controls and post- 
operative patients; there was no difference bet- 
ween patients in groups l and 2. Left ven- 
tricular systolic pressure was higher in groups | 
and 2 than in the controls. In the postoperative 
patients left ventricular end diastolic pressure 
was lower than in the groups | and 2 patients 
but did not differ from that in the controls. 
There was no difference in peak systolic stress 
between controls and patients with aortic valve 
disease with left ventricular dysfunction and 
without. Peak systolic stress was lower in the 
postoperative group than in groups 1 and 2. 
The end diastolic circumferential stress was 
higher in the group 2 patients than in groups 1 
and 3. The cardiac index was lower in group 2 
than in the controls. 
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Table 1 Preoperative data far groups 1, 2, and 3 
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Mean AV gradient 


Age (y) NYHA class (mm Hg) AVA (a) fu (%) fut (%) 

Group n (mean (SD) (range)} (mean (SD) (range)) (mean (SD) range}} (mean (SD) range)) (mean (SD) range)) (mean (SD) range) } 
Controls 6 49 (10) (30-58) sii = auc = 
Group 1: 

AS 16 61 (6) (49-73) ae 4) (1-5-3) 73 (16) (39-96) 0-73 (0-14) (0-5-1-0) 2/16 4/16 

Al 3 46 (8) (39-54) 8 (0-3) (1-5-2) 2/3 2/3* 56 (6) (46-65) 0/3 
G 2 

AS 5 62 (8) (52-72) 2:3 (0-4) (2-3) 71 (21) (38-93) 0-54 (0-17) (3-7) 2/5t 3/5 

Al 4 52 (11) (36-62) 2:3 (0-5) (2-3) 1/4* 1/4* 64 (8) (58-75) 0/4 
Group 3 

AS. 10 58 (9) (39-69) 2:3 (0-4) (2-3) 69 (12) (54-97) 0-76 (0-19) (0-5~1-0) 2/10 4/108 

AI 6 54 B ER, 2-2 (0-5) (1:5-3) 0/6* 0/6* 51 (6) (47-55) 3/6 


AI, aortic insufficiency; AS, aortic stenosis; AVA, aortic. valve era; f: aortic regurgitation fraction; f~: mitral regurgitation fraction; mean AV gradient, mean 


aortic valve pressure gradient; NYHA, New York Heart Associatio 
*Combined aortic valve disease with 


cm’); {mitral insufficiency < 15%; §one patient with fu of 38% (determined by thermodilution 


Table 2. Comparison of 


and with (group 2) left hjr, sfunction and in postoperative patients (group 3) 
Number of EF VI he I LVSP Ady 
Group patients (%) (mijn?) (om) (g/m) (mm Hg) (mm Hg) 
Controls 6 71 (5) 95 (20) 0-70 (0-07) 77 (14) 117 (18) 122 (10) 
Group 1l 19 65 (5) 118 (30)  1:16(%11) 163 (42) 207 (37) 138 (21) 
Group 2 9 45 (5) 146 (45) 1-11(œ17) = 170 (42) 170 (54  124(17) 
Group3 16 67 (7) 9112) 093(0-13) 100718) 13319)  133(19) 
p values: 
Controls p 1 S NS <0-001- <0-001 <0-001 NS 
Controls v 2 <0001 <0-02 <0-001 <0-001 < 0-05 NS 
Controls v 3 S NS NS NS NS NS 
lv2 <0-001 NS NS NS NS NS 
1o3 S NS <0-001 <0-001 <0001 NS 
203 <0-001 <0-001 NS <0-001 NS NS 


t insufficiency (AVA >10 cm); atures. aortic valve disease with predominant aortic stenosis (AVA «10 


ic and angiographic data (mean (SD) ) in controls and patients with aortic valve disease without (group 1) 


LVEDP CI S Sa 
(mmHg) (Ilmin x m) (dyn x 1Pjom®) (En x tlen) 
10 (3) 43 (10) 50 (9) 437 (60) 
14 (4) 3-2 (0-4) 39 (13) 470 (83) 
20011) 2:8 (0-5) (35) 478 (111) 
704) —- 3-5 (0-8) 25 (13) 73 (74) 
NS NS NS NS 
<005 <00] NS NS 
NS NS NS NS 
NS NS <0-02 NS 
<002 NS NS <0-01 
<0-001 NS <0-001 <0-05 


Ads systolic sortic pressure; CI, cardiac index; EDVI, left ventricular end diastolic volume index; EF, biplane left ventricular ejection fraction; h,,, end diastolic 
left ventricular wall thickness; LMMI, left ventricular muscle mass index; LVEDP, left ventriculer end diastolic pressure; LVSP, left ventricular systolic pressure; 
So end diastolic left ventricular circumferential wall stress; Su» peak systolic left ventricular circumferential wall stress. 


CORONARY DYNAMICS IN PREOPERATIVE 
PATIENTS AND CONTROLS (TABLE 3 AND FIGURES 
1 AND 2) 

Coronary sinus pressure was similar in the four 
groups. However, mean: aortic pressure and 
mean coronary perfusion pressure (that 1s, 
mean aortic minus mean coronary sinus pres- 
sure) in the patients in group 2 (85 and 80 
mm Hg) were slightly lower than in the post- 
operative patients (100 and 97mm Hg, 
p < 0-05). Heart rate was higher in group 2 
than groups 1 and 3. There were no-differences 
among the four groups in coronary sinus blood 
flow, coronary resistance per 100 g muscle 
mass, haemoglobin concentration, the arterio- 
venous difference in«oxygen content, and the 
left ventricular oxygen consumption per 100 g 
muscle mass. 

The relation between yosida ‘oxygen 
consumption. per 100 g and the systolic stress- 
rate product in. controls and in patients in 
group 1 was compared by regression analysis of 
covariance. The regression line for group 1 was 
below that of controls (fig 1). In a second step 
we considered left ventricular muscle mass 
index as continuous variable and we performed 
a multiple regression analysis of the data 
obtained by pooling controls and patients of 
group | (n = 25). In agreement with the result 
of the covariance analysis the stress-rate 
product (p < 0:02) was positively and left 
ventricular muscle mass index (p <-0-003) was 


negatively correlated with the myocardial 
oxygen consumption per 100 g of myocardium 
(r = 0-65), Thus at a given stress-rate product 
the myocardial oxygen consumption per 100 g 
of the hypertrophied ventricles with a normal 
ejection fraction was significantly lower than in 
non-hypertrophied ventricles with a normal 
ejection fraction. 

When preoperative patients with left ven- 
tricular hypertrophy and a preserved ejection 
fraction (group 1) were compared with patients 
with a decreased ejection fraction (group 2) 
regression analysis of covariance showed a 
regression line for group 1 above that for group 
2 (fig 2). When the left ventricular ejection 
fraction was regarded as-a continuous variable 
in the‘pooled groups 1 and 2 (n = 28), multiple 
regression analysis showed that the stress-rate 
product (p < 0-001) andthe ejection fraction 
(p < 0-03) were positively correlated with 
myocardial oxygen consumption per 100g 
(r = 0-64). This indicates a significant reduc- 
tion in the myocardial oxygen consumption per 
100 g at a given stress-rate product in hyper- 
trophied ventricles with reduced contractility 
compared with hypertrophied ventricles of 
normal contractility—that is, with a normal 
ejection fraction. 

In group 1 the subgroups of patients with 
aortic stenosis (n = 16) and insufficiency 
(n = 3) had similar myocardial oxygen con- 
sumptions per 100 g (10-0 (3-3) vw 12:3 (4:7) ml 


Myocardial oxygen consumption tn aortic valve disease 
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Table 3 A comparison of coronary dynamics (mean (1 SD)) in controls and patients with aortic valve disease without (group 1) and with 
(group 2) left ventricular dysfunction and tn postoperative patients (group 3) 


Number MAP CSP HR CSBF/100 g CR/100 g AV D-0, MV0,J100 g 
Group patients g {mm Hg) {mm Hg) (beats/min) pal x 100g) {mm He x min x 100 g/ml) a) (v0l%) {ml 0,/ min) 
Controls 6 98 (8 4 (1 69 (11 120 (18) 0-80 (0-10) 142 (09)  12-0(1-1) 143 (23) 
Group 1 19 92 Ry 4 A 70 5) aay 86 (29) 1-13 ‘0-445 13-7 (1-3) 12-2 (1:2) 10-4 (3:5) 
Group 2 9 85 (1) 4 (3-0) a ae 79 (31) 1-15 (0-44 13 8 Oo 12-2 (1°5) 9-5 (3-0) 
Group 3 16 100 (12).  3.(1-6) 70 (12) > 91 G9) 1-24 (0-49) 14-4 (0-9 12-2 (0-8) 11-1 (4-6) 


AVD-O,, arteriocoronary sinus difference in oyee ages ETa A: 
100 g muscle mass; CSP, coronary sinus pressure; H 


per 100 g muscle mass. 
*p < 0-05, 


Figure 1. Regression lines 
(common s 8-00028 mi 
O, X cm'/I 

x 100 g) between left 
ventricular. myocardial 
oxygen consumption per 
100 g muscle mass 
(MVo,) and the stress- 
rate product (HR x 
Spa) In controls (n = 6) 
and patients with aortic 
valve disease and 
preserved left ventricular 
Junction (group 1, 

n= 19) Ata 
stress-rate pr 

myocardial oxygen 
consumption per 100'g . 
muscle mass tn group I was 
lower than in lid contol 
(intercept on the MVO, 
axis, 1:0 v 6-1 ml O,/min 
x 100 g,p < 0-001). 


Figure 2 Regression lines 
(common slope 0-00025 ml 
O, X cmt} 
x 100 g) between left 
ventri myocardial 
oxygen consumption per 
y muscle mass 

O,) and the stress- 
pees (HR x 
Spex) În patients with 
aortic valve disease and 
normal (group 1,n = 19) 
and reduced (group 2) 
n= 9) ejection fraction. 
At a grven stress-rate 
product myocardial oxygen 
consumption per 100 g 
muscle mass in group 2 
patients was lower than in 
group I (intercept, ~0-4v 
1-0 mlo jmn x 100g, 
p < 005). 


MVQ, (mi Q, /mn x 1009) 





0 10000 20000  20G0 40000 80000) 60000 


HR x S edyn x 10° fom? x min) 


MVQ, (mia, Amin x 100g) 





HA x 8, (dyn x 10? om?x min) 


O/min x 100 g) and there were no differences 
in the determinants of myocardial oxygen con- 
sumption—that is, the stress-rate product, left 
ventricular ejection fraction, and left ven- 
tricular muscle mass index (33 671 v 35 643 
dyn x 10°/cm? x min; 65 v 66%, 164 v 156 
g/m’). Similarly, in group 2 these variables 
were similar in the patients with aortic-stenosis 
(n = 5)andinsufficiency(n = 4)(10-1v8-8 ml 
O/min x 100 g; 41 412 v 37 217 dyn x 107/ 
cm? x min; 46 v 44%; 182 v 155 g/m? 
respectively). 


HAEMODYNAMICS AND CORONARY DYNAMICS IN 
THE POSTOPERATIVE GROUP (TABLES 1 AND 4, 
FIG3) 

The postoperative patient group included 


coronary resistance per 100 g muscle mass; CSBF/100 g, coronary sinus blood flow per 
HR, heart rate; MAP, mean aortic pressure; MVo,/100 g, myocardial oxygen consumption 
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Figure 3 Regression lines (common slope 0-00028 ml 
O, x em’]10? dyn x 100 g) between left ventricular 
myocardial oxygen consumption per 100 g muscle mass 
(MVo0,) and the stress-rate product (H HR x X Spe) I 
controls (n = 6), in two postoperative patient groups 
(group 3A,n = 6 and group 3B, n = 10) andin 
preoperative patients (groups 1 and 2,n = 28). Ata 
given stress-rate product myocardial oxygen consumption 
per 100 g in preoperative patients was lower than in the 
controls (intercept: —0-2 v 5:8 ml o,/min x 100 g, 

p < 0-01). The regression line of myocardial oxygen 
consumption per 100 g versus the stress rate product in the 
postoperative group 3B was located between that of the 
controls (intercept, 1-6 v 5'8 ml O,/min x 100 g, 

p < 0-02) and that of the preoperative patients 
(intercept, 1-6 v —0-2 ml O fmin x 100 g, not 
significant). In the postoperative group 3A with complete 
regression of hypertrophy and normal contractility 
myocardial oxygen consumption per 100 g at a given 
stress-rate product was higher than in group 3B 
(intercept, 6-6 v 1-6 ml O,/min x 100 8, p < 0-01) and 
did not differ from that in the controls. 


patients who had presented with normal or 
abnormal left ventricular function before 
operation. Therefore, the preoperative data 
available for group 3 were compared with the 
pooled data of preoperative patients (groups 1 
and 2). No differences were found in pre- 
operative aortic valve area (0:8 v 0-7 cm?) and 
pressure gradient (69 v 72 mm Hg) in patients 
with pure or predominant aortic stenosis. 
Similarly, no difference was found in pre- 
operative regurgitation fraction (51 v 58%) in 


‘the patients with pure or predominant aortic 


insufficiency. 

Furthermore, the two patient populations 
had similar left ventricular ejection fractions, 
end diastolic volume indices, left ventricular 
muscle mass indices, left ventricular systolic 
and end diastolic pressures, heart rates, and 
cardiac indices. Only the left ventricular end 
diastolic wall thickness in the pooled pre- 
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Table4 Comparison between the pooled preoperative data (mean (SD) ) of groups 1 and 2 and the preoperative and postoperative data-of group 3 


I + Dee pte 
I + cpa earl 
3 preop v 3 postopt 


CI, cardiac index; EDVI, end diastolic volume index; BF, left ventricular biplane 


EDV! LMMI 
BF (%) (mijm) hu (cm) (g/m?) 
59 (11) 127 (37) 1-15 (0-13) 165 (31) 
58 a 155 (58) 1-04 (0-1 159 B 
67 92 (12) 0-92 (0-13 100 (18) 
NS NS <0-02 NS 
<0-01 < 0-001 <0-001 <0-00] 
<0-001 <0-001 <0-001 <0-001 


LVSP LVEDP HR I 

(mm Hg) {mm Fg} (beats/min) (Ijmm x në) 
195 (45) 16 (8) 74 (12) 3-1 (0:5) 

173 (41) 18 (10) 69 (12) 3-4 (1-0) 

133 (19) 7 (4) 70 (12) 3-5 (0-8) 
NS NS NS NS 

<0-001 <0-001 NS NS 

<0-001 <0-001 NS NSt 


fraction; h,,, left ventricular end diastolic wall thickness; HR, heart rate; 


ejection 
, left ventricular muscle mass index; LVEDP, left ‘ventricular end diastolic pressure; LVSP, left ventricular peak systolic PEENIS 


LMMI 
*Values obtained by un 


beset obtained by t test. 


i test. 


operative group was slightly higher than the 
preoperative wall thickness of group 3 (1:15 v 
1:04 cm, p < 0-02), reflecting the higher 
proportion of pressure-overloaded hearts in the 
pooled preoperative groups 1 and 2 (aortic 
stenosis 21/28) compared with group 3 (aortic 
stenosis 10/16). 

Postoperatively the group 3 patients showed 
a considerable improvement in haemodynamic 
variables compared with their preoperative 
data and that of the pooled preoperative groups 
I and 2. There was a reduction in the end 
diastolic volume index, left ventricular systolic 
pressure and end diastolic pressure, left ven- 
tricular end diastolic wall thickness, and mus- 
cle mass index. The left ventricular muscle 
mass index and the interval after successful 
aortic valve replacement were negatively cor- 
related (r = ~—0-50, p < 0-05). The ejection 
fraction increased in group 3 after operation. 

The relation between myocardial oxygen 
consumption per 100g and the stress-rate 
product was compared among controls, 
patients in groups 3A, 3B, and the pooled 
preoperative patients of groups 1 and 2 by 
analysis of covariance (fig 3). Similar regression 


lines were found for controls and postoperative - 


patients with complete normalisation of left 
ventricular muscle mass and contractility 
(group 3A). These two regression lines were 


above that for the postoperative patients with | 


incomplete postoperative normalisation (group 
3B) and that of pooled preoperative patients 
(groups | and 2). Group 3B and preoperative 
patients (groups 1 and 2) again had similar 
regression lines. 

Multiple regression analysis of the whole 
study population (50 measurements) showed 
that the stress-rate product (HR x Six, 
p < 0:0001), left ventricular muscle mass 
index (LMMI, p < 0:002), and ejection frac- 
tion (EF, p < 0-03) were significant “‘explana- 
tory” variables of myocardial oxygen 
consumption per 100g (MV6o,/100 g), 
r = 0-72. The following equation was obtained 
(corresponding standard errors are given in 
parentheses): 

MVo,/100 g = —0-06 + 0-27 (0-045) 
HRS pex — 0:04 (0-01) LMMI + 0-11 
(0-048) EF 
where MVo,/100g (ml omin x -100 g); 


HR: Spar (dyn/cm? x min); LMMI (g/m°); EF 
%). 

The stress-rate product was not correlated 
with the left ventricular ejection fraction or 
muscle mass index; but there was a weak 
negative correlation between left ventricular 
ejection fraction and muscle mass index 
(r = —0:48). In the stepwise regression the 
stress-rate product was the first variable entered 
into the equation (r°? = 0-22), then the left 
ventricular muscle mass index (r? = 0-47), and 
finally r° increased to 0-52 when left ventricular 
ejection fraction was included. When multiple 
regression analysis was carried out with 32 
measurements instead of 50, after patients with 
aortic valve disease who were older than 58 
years (upper limit in the control group) were 
excluded, the stress-rate product 
(p < 0-0001), left ventricular muscle mass 
index (p < 0-0005), and ejection fraction 
(p < 0-04) remained significant “explanatory” 
variables of myocardial oxygen consumption 
per 100 g. Moreover, when age was introduced 
as an additional variable in the original multiple 
regression analysis (50 measurements) it was 
found not to be a significant determinant of 
myocardial oxygen consumption per 100 g. 


Discussion 

RELATION BETWEEN MYOCARDIAL OXYGEN 
CONSUMPTION AND STRESS-RATE PRODUCT 
Traditionally, the tension-time index and heart 
rate are recognised as important determinants 
of myocardial oxygen consumption.’ Sub- 
sequent studies performed in animals? ° and in 
humans‘? ” identified left ventricular peak sys- 
tolic wall stress and the integral of systolic wall 
stress? as major determinants of myocardial 
blood flow and oxygen consumption. From 
other studies performed in non-hypertrophied 
animal hearts it became evident that, contrac- 
tility, as well as wall stress, has a major influence 


- on the myocardial oxygen consumption.”” 


Therefore the purpose of the present study was 
to answer the following questions: first, whether 
in the chronically overloaded hypertrophied 
human heart myocardial oxygen consumption 
per 100 gis related to an analogue of the minute 
tension-time index—that is, the product of 
heart rate and peak systolic stress; second, how 
this relation is modified by chronic alterations 


Myocardial oxygen consumption in aortic valve disease 


in contractility or myocardial hypertrophy or 
both; and third, what effect regression of hyper- 
trophy has on the relation between myocardial 
oxygen consumption per 100 g and the stress- 
rate product. 

In patients with aortic valve disease with left 
ventricular dysfunction and without, in post- 
operative patients, and in controls we found a 
significant correlation between the myocardial 
oxygen consumption per 100 g and the stress- 
rate product. In addition to this major deter- 
minant of myocardial oxygen consumption per 
100 g multiple regression analysis showed left 
ventricular hypertrophy and contractility were 
further factors that influenced myocardial 
oxygen consumption per 100 g. 


MYOCARDIAL OXYGEN CONSUMPTION IN 
HYPERTROPHIED AND NON~-HYPERTROPHIED 
VENTRICLES 

Our results indicate that myocardial oxygen 
consumption per 100 g is reduced in left ven- 
tricular hypertrophy. Multiple regression 
showed that the stress-rate product was 
positively and muscle mass index was 
negatively correlated with myocardial oxygen 
consumption per 100 g. This result was con- 
firmed when analysis of covariance (fig 1) 
showed that the regression line of the stress- 
rate product and myocardial oxygen consump- 
tion per 100 gin group | was located below that 
of the controls. This finding has several possible 
explanations. First, reduced myocardial 
oxygen consumption per 100 g at a given level 
of overall left ventricular performance, 
represented by the stress-rate product, might 
be an intrinsic property of the hypertrophied 
cardiac muscle. Various investigations of 
human and animal hypertrophied myocar- 
dium**?’ showed that enzymatic and ultra- 
structural changes develop as a consequence of 
hypertrophy and result in a slowing of cardiac 
contraction and improved efficiency at the 
cellular level. A second explanation may relate 
to the definition of contractile state in the 
patients of group 1. In concentric hypertrophy 
such as in aortic stenosis it is well known that 
the ejection fraction overestimates left ven- 
tricular fibre shortening because thickening of 
the hypertrophied wall in itself reduces the 
systolic cavity.” Hence a normal ejection frac- 
tion does not exclude a slight reduction in 
contractility” which in turn might have caused 
the decreased myocardial oxygen consumption 
per 100 g. Finally, does the reduced myocardial 
oxygen consumption calculated per 100 gram 
of muscle mass really indicate a reduced oxygen 
consumption of the myocyte tissue? There ts 
more interstitial tissue per 100 gram of left 
ventricular muscle mass in hypertrophied than 
in normal myocardium” and interstitial tissue 
consumes less oxygen than myocyte tissue. 

A lower myocardial oxygen consumption per 
100 g at a given index of overall left ventricular 
performance represented by the stress-rate 
product suggests that the mechanical efficiency 
per volume unit of the hypertrophied non- 
failing left ventricular myocardium is greater 
than that of the normal myocardium. Both 
Malik et al” and Su-Fan et al‘ reported that the 
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mechanical efficiency of hypertrophied com- 
pensated canine left ventricles was greater than 
that of non-hypertrophied ventricles. 


MYOCARDIAL OXYGEN CONSUMPTION IN 
DIFFERENT CONTRACTILE STATES 

Johnson et al reported a close relation between 
coronary blood flow per beat and peak systolic 
stress (r = 0-97) in patients with aortic valve 
disease.’ However, no direct measurement of 
left ventricular contractility was performed in 
that study. Weiss et al investigated patients 
with hypertrophic and congestive cardio- 
myopathies and found that heart rate, mean 
velocity of circumferential fibre shortening, and 
peak systolic stress were the main factors 
influencing myocardial oxygen consumption; 
the influence of hypertrophy was not 
evaluated.” Henry et al examined 14 patients 
with valve lesions, cardiomyopathies, and con- 
genital heart diseases and emphasised the 
importance of the contractile state as a deter- 
minant of myocardial oxygen consumption.” 
‘They did not standardise contractility per unit 
stress, however, thus neglecting stress as an 
additional determinant of the myocardial 
oxygen consumption. In accordance with these 
findings our study showed that the stress-rate 
product and muscle mass index were determin- 
ants of myocardial oxygen consumption and 
that the left ventricular ejection fraction was a 
third determinant of myocardial oxygen con- 
sumption/100 g (fig 2). 

These results seem to be at variance with the 
findings of Strauer.* He described a low 
myocardial oxygen consumption in low stress 
ventricles with preserved ejection fraction and 
adequate hypertrophy; in contrast, in high 
stress ventricles with excessive hypertrophy he 
found a high myocardial oxygen consumption 
accompanied by a reduced ejection fraction. In 
that study slight changes in contractility were 
associated with considerable changes in 
afterload. In the absence of changes in contrac- 
tility peak systolic stress becomes the main 
determinant of myocardial oxygen consump- 
tion. In our group 2 patients the decrease in 
ejection fraction was not the effect of excessive 
overloading (as in Strauer’s study) because 
peak systolic stress was not different in controls, 
group 1, and group 2. Thus differences in 
contractility must have been present. In the 
group 2 patients mechanical efficiency was 
likely to be higher and cardiac index was lower 
than in the controls, which shows that hyper- 
trophied ventricles in which contractility is 
depressed are unable to transfer the generated 
energy to the circulation despite an improved 
efficiency. This paradox was recently discussed 
by Su-Fan et al.* They reported that after 
induction of hypertrophy in canine left ventri- 
cles by a combined aortic valve lesion the 
hypertrophied hearts showed better oxygen 
utilisation than the controls, but the pressure 
work increased without a concomitant increase 
in cardiac output. 


MYOCARDIAL OXYGEN CONSUMPTION IN THE 
POSTOPERATIVE STATE 
In the postoperative patients there was a con- 
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siderable improvement in left ventricular 
haemodynamic function at rest, and regression, 
albeit: not complete, of myocardial hyper- 
trophy. But what about the postoperative 
interrelations of myocardial oxygen consump- 
tion with peak systolic stress, heart rate, con- 
tractility, and muscle mass? Kawachi et al 
reported that in patients with aortic incom- 
petence after operation the peak systolic stress 
decreased, heart rate remained unchanged, and 
the ejection fraction increased.” The post- 
operative increase of both the coronary sinus 
blood flow per beat per 100 g muscle mass and 
the myocardial oxygen consumption per beat 
per 100 g was attributed to the postoperative 
improvement in contractility. To evaluate the 
influence of postoperative changes in hyper- 
trophy and contractility on myocardial oxygen 
consumption its relation to the stress-rate 
product was examined in controls, patients of 
groups 3A and 3B, and the pooled preoperative 
patients of groups | and 2. As fig 3 shows the 
regression line of group 3B was located bet- 
ween that of the controls and the preoperative 
patients, but was not significantly different from 
that of the preoperative group. The regression 
line of group 3A was not different from that of 
the controls. Thus the postoperative patients 
with full recovery of contractility and complete 
regression of left ventricular hypertrophy 
showed that the changes in myocardial oxygen 
consumption per 100g and myocardial 
efficiency were completely reversible. 


LIMITATIONS OF THE STUDY 
In this study the preoperative patients were 
divided into two groups based on the assess- 
ment of contractility, irrespective of the type of 
the haemodynamic burden that caused the left 
ventricular hypertrophy. Differences in several 
adaptational mechanisms between pressure 
and volume overload have been reported.” 
However, aortic insufficiency cannot be con- 
sidered as pure volume load and the degree of 
left ventricular hypertrophy is known to 
correlate with the total power requirements, 
whatever the type of overload.*** Furthermore, 
Johnson et al reported that the relation between 
the total load and the myocardial oxygen con- 
sumption per 100 g was the same when either 
aortic stenosis or insufficiency was present.' We 
too did not find any difference in myocardial 
oxygen consumption per 100 g or its determin- 
ants (that is, the stress-rate product, left ven- 
tricular ejection fraction, and muscle mass 
index) in patients with aortic stenosis. and 
patients with aortic insufficiency (groups 1 and 
2). This is why we do not think that our results 
were biased by the mixture of aortic valve 
lesions in each group. 

Thermodilution techniques were used to 
measure total coronary sinus blood flow. 


-Although this method does not measure per- 


fusion in specific transmural layers or different 
ventricular regions or rapid changes in coron- 
ary blood flow,” Ganz et al found a good 
correlation between coronary sinus flow 
measured by this technique and by the timed 
collection of coronary venous blood.'* 
Moreover, transmural distribution of blood 
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flow at rest is likely to be homogeneous in both 
normal and hypertrophied ventricles whatever 
the type of overload.’ * 

In all patient groups the relation between the 
stress-rate product and the myocardial oxygen 
consumption per 100 g was significant, though 
the correlation particularly in groups 1, 2, and 3 
was not as close as in studies of paced canine 
ventricles.!°*! These differences can be 
explained at least in part by the following 
mechanisms: first, by the non-simultaneous 
measurement of haemodynamic function and 
the myocardial oxygen-consumption in some 
patients; second, by the different degree of 
interstitial fibrosis,’ which we did not take into 
account; and third, by the likelihood that 
within the two groups with preserved and 
reduced contractility there was still consider- 
able heterogeneity of contractility. Moreover 
we recognise the limitations of peak systolic 
stress as an index of the mean generated stress 
during ventricular systole, which would have 
been a measure more closely reflecting the 
classic tension-time index. 
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Use of transoesophageal echocardiography to 
detect left atrial thrombi before percutaneous 
balloon dilatation of the mitral valve: a 


prospective study 


Warren J] Manning, Gregg J Reis, Pamela S Douglas 


Abstract 

Objective—Systemic emboli related 
to atrial thrombi are a well known 
complication of percutaneous balloon 
dilatation of the mitral valve. The 
presence of left atrial thrombi therefore, 
is believed to be a contraindication to 
balloon dilatation. The purpose of this 
study was to determine the frequency of 
left atrial thrombi in patients referred 
for balloon dilatation of the mitral valve, 
the added benefit of pre-procedural 
transoesophageal echocardiography, and 
to identify factors that predicted left 
atrial thrombi. 

Design-—Prospective study over a 14 
month period of 20 consecutive patients 
by cross sectional transthoracic echo- 
cardiography 24-48 hours before balloon 
dilatation of the mitral valve and by 
transoesophageal echocardiography im- 
mediately before the procedure. 

Results—One patient had a left atrial 
thrombus detected by transthoracic 
study. Two patients (10%) had left atrial 
thrombi identified by transoesophageal 
echocardiography. In both valve dilata- 
tion was not attempted and the thrombi 
were confirmed at surgery. The remain- 
ing 18 patients all underwent successful 
balloon dilatation of the mitral valve 
without clinical evidence of an embolic 
event. No association was found between 


patient age, mitral valve area, trans- 
‘mitral gradient, left atrial size, presence 


of atrial fibrillation, severity of mitral 
regurgitation, cardiac output, or the 
presence of left atrial swirling and an 
increased prevalence of atrial thrombi. 
Conclusion—Left atrial thrombi are 
often seen despite long term systemic 
anticoagulation in patients referred for 


balloon dilatation of the mitral valve. ' 


The frequency of unsuspected left atrial 
thrombi detected by transoesophageal 
echocardiography was similar to the 
reported frequency of embolic events 
after balloon dilatation of the mitral 
valve. Transoesophageal echocardio- 
graphy for the identification of left atrial 
thrombi is strongly recommended in all 
patients before balloon dilatation of the 
mitral valve including those treated with 


systemic anticoagulation and those who 
have had a normal transthoracic echo- 
cardiographic study. 


The technique of percutaneous balloon dilata- 
tion of the mitral valve by the transseptal 
approach has been generally accepted as an 
alternative to mitral valve replacement or 
surgical commussurotomy in a subgroup of 
patients with symptomatic mitral stenosis.'? 
Mitral stenosis is frequently associated with 
left atrial thrombi? and systemic emboli are a 
well known complication of balloon dilatation 
of the mitral valve (incidence 4%).* These 
events are believed to be caused primarily by 
embolisation of left atrial thrombi, when a 
thrombus is dislodged during the procedure. 
So the presence of left atrial thrombi is 
thought to be a contraindication to balloon 
dilatation of the mitral valve. Recently, 
transoesophageal echocardiography has been 
shown to be much better than conventional 
cross sectional transthoracic echocardiography 
for the identification of left atrial thrombi.*’ 
The purpose of this study was to evaluate the 
role of routine transoesophageal echocardio- 
graphy for the identification of left atrial 
thrombi before the procedure. 


Patients and methods 

PATIENTS 

We studied 20 consecutive patients (18 women 
and two men aged 41~79 years (mean 59 years)) 
referred for elective balloon dilatation of the 
mitral valve from 1 December 1989 to 28 
February 1991. Three patients had undergone 
earlier surgical commissurotomies and nine 
patients were in chronic atrial fibrillation. All 20 
patients had been treated with sodium warfarin 
(therapeutic prothrombin times >1-5 times 
control) for at least eight weeks before planned 
balloon dilatation of the mitral valve. No 
patient had a history of an earlier embolic 
event. Coumadin was stopped two days before 
admission. The identification of an atrial 
thrombus was thought to be an indication for 
mitral valve replacement. Patients undergoing 
balloon dilatation of the mitral valve were 
followed clinically throughout their stay in 
hospital for evidence of systemic emboli. 
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Written informed consent was obtained from 
all patients. 


TRANSTHORACIC ECHOCARDIOGRAPHY 

Patients underwent conventional transthoracic 
cross sectional and Doppler echocardiographic 
examination 12-36 hours before the planned 
balloon dilatation of the mitral valve by 
techniques reported previously.” Cross 
sectional imaging studies were performed in 
the parasternal long axis, parasternal short axis, 
apical, and subcostal views by a Sonos 500 or 
Sonos 1000 (Hewlett-Packard) echocardio- 
graph and both 2-5 MHz and 5-0 MHz phased 
array transducers. The left atrial antero- 
posterior diameter was measured in the 
parasternal long axis view according to 
the American Society of Echocardiography 
criteria.” Left atrial length was assessed in the 
four chamber apical view. Mitral valve area was 
assessed by the pressure half time technique." 
Spontaneous contrast was defined as the 
presence of dynamic echoes (smoke-like) in a 
circular pattern within the left atrium." 


TRANSOESOPHAGEAL ECHOCARDIOGRAPHY 

All patients underwent transoesophageal 
echocardiography examination after an over- 
night fast and within two hours of the 
scheduled balloon dilatation of the mitral valve 
(n = 18) or the day before the planned 
procedure (n = 2). Local anaesthesia to the 
posterior pharynx was accomplished with 10% 
lignocaine spray. Antibiotics for endocarditis 
prophylaxis were given to all patients according 
to the recommendations of the American Heart 
Association.'' Transoesophageal echocardio- 
graphy was performed with a commercial 
single plane 5-0 MHz transoesophageal 
echocardiography probe (Hewlett-Packard). 
Images of the cardiac chambers, valves, and 
great vessels were recorded on videotape for 
review. Special attention was paid to the left 
atrium and the left atrial appendage. 


BALLOON DILATATION OF THE MITRAL VALVE 
Patients in whom there was no evidence of 
atrial thrombi by transthoracic or trans- 
oesophageal echocardiography underwent 
balloon dilatation of the mitral valve with a 
single 25 mm Mansfield balloon (Mansfield 
Scientific, Waltham, Massachusetts) by the 
transseptal approach.’ Fick cardiac output was 
obtained in all patients before placement of the 
transseptal needle.’ 

Six additional patients with rheumatic mitral 
stenosis underwent transoesophageal echo- 
cardiographic study to identify left atrial 
thrombi while under general anaesthesia in the 
operating room before mitral valve replace- 
ment. These patients were not candidates for 
balloon dilatation of the mitral valve because 
there was concomitant aortic stenosis (n = 2) 
or important mitral regurgitation (n = 4). 


DATA ANALYSIS 

All data are expressed as mean (SD). The 
statistical significance of left atrial size, Doppler 
variables, and catheterisation cardiac output/ 
index was assessed by Student’s unpaired ż test. 








A) Transthoracic apical four-chamber view 
of the heart obtained with a 5 MHz imaging transducer 


Figure l 
Note the thrombus (arrow) along the lateral wall of thi 
left atrium (LA). (B) Transoesophageal 
echocardiography. Note the thrombus (arrow ) lining the 
lateral wall of the left atrium and spontaneous contrast 
within the left atrium. LV, left ventricle 

(C) Transoesophageal echocardiography study of the left 
atrial appendage (LAA) of the same patient shown in A 
and B. Note the second thrombus (arrow 


Fischer’s exact test was used to 
dichotomous variables. A p value of < 0-05 was 
considered statistically significant. 


compare 


Results 
Transthoracic echocardiographic study iden- 
tified a probable thrombus in one patient 
scheduled for balloon dilatation. The throm 
bus was located along the lateral wall of the left 
atrium (fig 1A). 

All patients tolerated transoesophageal 
echocardiography without complications 
Imaging of the left atrial appendage was 
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Figure 2 
Transoesophageal 
echocardiography view of 
the left atrium in another 
patient. Note the thrombus 
(arrow) in the distal 
portion of the left atrial 
appendage. 





successful in all 18 patients in whom it was 
present. In two patients the left atrium had 
been either oversewn (n = 1) or amputated 
(n = 1) during an earlier surgical commis- 
urotomy. Transoesophageal echocardiography 
confirmed the thrombus seen by transthoracic 
study (fig 1B) and also identified a second 
thrombus in this patient, which was confined to 
the left atrial appendage (fig 1C). Transoeso- 
phageal echocardiography also identified a 
thrombus confined to the distal left atrial 
appendage in another patient (fig 2). We found 
left atrial thrombi in 10% of patients referred 
for balloon dilatation of the mitral valve. 
In both instances in which a thrombus was 
identified patients were referred for mitral valve 
replacement and the site and presence of all 
thrombi were confirmed at the time of surgery. 
The remaining 18 patients underwent balloon 
dilatation of the mitral valve without evidence 
of an embolic event during their hospital stay. 

The table shows the characteristics of the 
subgroups with and without atrial thrombi. 
Patient age, atrial fibrillation, mitral valve area, 
mitral valve gradient, cardiac output/index, 
severity of mitral regurgitation, and presence of 
left atrial swirling were not predictive of 
thrombi (table). Total echo score” was also not 
predictive. 

No thrombi were identified by trans- 
oesophageal echocardiographic study in any of 
the patients with rheumatic mitral stenosis 
scheduled for mitral valve replacement. The 
table shows the characteristics of this group of 
patients. Visual inspection of the left atrium 
also failed to reveal any thrombi. 


Comparison of echocardiographic and catheterisation data in patients with left atrial 


thrombi and without 


aeee 


Variable 


Age (yr) 
Atrial fibrillation 
Left atrial dimension (cm) 


Four chamber left atrial length (cm) 


Mitral valve area (cm°) 

Mitral valve gradient (mm Hg) 
Cardiac output (l/min) 
Cardiac index (1/min/m?) 
Severity of MR (0-3) 

Left atrial swirling (TTE) 

Left atrial swirling (TOE) 
Echo score (0-16) 


No LA thrombus No LA thrombus 


With LA thrombus (dilatation) (replacement ) 
(m= 2) in = 18) in = 6) 
52 (41-63) 60 (41-79) 59 (40-67) 
2 (100%) 7 (39%) 4 (67%) 
5-4 (0:5) 5-4 (0-7) 5-9 (0-2) 
6-5 (0:2 6:4 (1-0) 77-1) 
0-7 (0-1) 1-1 (0-4) 1-1 (0-6) 
8:8 (0-3) 8-5 (3-4) 9:0 (5-0) 
4-3 (0-2 4-5 (1-4) 

2-7 (0-2) 2-7 (0:7) 

1:3 (0:4) 0-9 (0-5) 2:0 (0-7)* 
1 (50%) 3 (15%) 1 (17%) 

1 (50%) 6 (33%) 2 (33%) 
8 (3) 6 (2) 9 (2)* 


"p< 0-05 v no LA thrombus (dilatation), MR. mitral regurgitation; TOE, transoesophageal 
echocardiogram; TTE, transthoracic echocardiogram. 
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Discussion 
Systemic embolisation is a recognised 
complication of balloon dilatation of the mitral 
valve. It occurs in up to 4% of patients.’ The 
ability to identify and exclude those patients at 
high risk of systemic emboli would significantly 
reduce the morbidity of this procedure. 
Transthoracic echocardiography has a low 
sensitivity for detection of left atrial thrombi, 
particularly those in the left atrial appendage.’ 
Transoesophageal echocardiography gives 
superior visualisation of the appendage, and 
previous studies showed it was a more sensitive 
detector of left atrial thrombi.’ ° 

The present study shows that trans- 
oesophageal echocardiography can be safely 
performed and can accurately detect and 
localise left atrial thrombi in patients with 
severe mitral stenosis referred for balloon 
dilatation of the mitral valve. Despite chronic 
systemic anticoagulation 10% of patients 
studied had left atrial thrombi which we 
confirmed at surgery. Our findings are 
consistent with those of Kronzon et al who 
reported that 26% of patients undergoing 
transoesophageal echocardiography before 
balloon dilatation of the mitral valve had a 
detectable left atrial clot.'"* The lower 
frequency of thrombi in our study may be 
related to the use of at least two months of 
Systemic anticoagulation in our patients. 
Kronzon et al, however, did not examine risk 
factors that were potentially predictive for the 
development of atrial thrombi. Low cardiac 
output and age have been reported as risk 
factors for systemic emboli in patients with 
mitral stenosis.’ Our findings suggest that 
patient age, atrial fibrillation, left atrial size, 
mitral valve gradient, cardiac output, severity 
of mitral regurgitation, left atrial swirling, and 
echo score did not predict the presence of atrial 
thrombi in our group of anticoagulated 
patients. There was a trend towards a smaller 
mitral valve area in the group with atrial 
thrombi but this did not achieve statistical 
significance. Thus we were unable to identify 
any descriptors that might be useful in deciding 
which patients, if any, are at sufficiently low risk 
for left atrial thrombi that a transoesophageal 
echocardiography may be omitted, 

Spontaneous left atrial contrast in mitral 
stenosis has been suggested as an indicator for 
an increased risk of thromboembolism" and 
atrial thrombosis. Spontaneous contrast is felt 
to be related to the rouleaux formation of 
erythrocytes which occur during slow flow 
conditions.’ In vitro and in vivo experiments 
showed that blood within isolated vessels may 
become echogenic within a few seconds after 
the onset of stasis induced by cross clamping."® 
In addition, fibrinogen or its products plus red 
blood cells are needed to create echogenicity of 
static liquid blood. This phenomenon is not 
prevented by heparin. We did not find the 
presence of spontaneous left atrial contrast to 
be predictive for left atrial thrombi. Our study 
population, however, was small and all our 
patients were systemically anticoagulated. 

Patients with left atrial thrombi identified by 
transthoracic study are usually not referred for 
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balloon dilatation of the mitral valve. The 
additional 5% frequency of left atrial thrombi 
identified by transoesophageal echocardio- 
graphy in our study is similar to the reported 
incidence of embolic events with balloon 
dilatation reported in large series.* Most 
patients in these large series have not 
undergone pre-procedural transoesophageal 
echocardiography: While the exact frequency 
of embolisation in patients with atrial thrombi 
is unknown, it is reasonable to assume that they 
are at higher risk than patients without 
thrombi. 


LIMITATIONS 

Although systemic emboli are often related to 
dislodgement of atrial thrombi, some of these 
events may be due to thrombi forming on 
catheters and guide wires, to debris released 
with commissure fracture,* or to balloon 
rupture.” These events would not be avoided 
by a pre-procedural transoesophageal echo- 
cardiography. A decreased incidence of 
embolic events also cannot be estimated by this 
study. While no subject in our study had 
evidence of systemic emboli, a much larger 
study will be needed to determine whether 
patients with negative transoesophageal 
echocardiography examinations have a lower 
risk of embolisation or if the frequency of 
embolic events would be reduced if balloon 
dilatation of the mitral valve were avoided in 
patients with thrombi identified by trans- 
oesophageal echocardiography. 


CONCLUSION 

Left atrial thrombi are often seen despite long 
term systemic anticoagulation in patients 
-referred for balloon dilatation of the mitral 
valve. The frequency of unsuspected left atrial 
thrombi detected by transoesophageal echo- 
cardiography 
of embolic events reported with balloon 
dilatation. 

We strongly recommend transoesophageal 
echocardiography to identify left atrial thrombi 
before balloon dilatation of the mitral valve, 
including patients treated with systemic 
anticoagulation and those who have had a 
normal transthoracic study. The identification 
_ of a left atrial thrombus should be-considered a 
contraindication to the balloon dilatation of the 


is similar to the incidence . 
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mitral valve and such patients should be 
referred for mitral valve replacement or open 
surgical commissurotomy. 
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Epicardial damage induced by topical cooling 
during paediatric cardiac surgery 


Antonio Corno, Elena Zoia, Francesco Santoro, Chiara Camesasca, Bonizella Biagioli, 


Adalberto Grossi 


Abstract 

Objecttve—To study electrocardio- 
graphic changes in infants and children 
in whom topical cooling was used during 
surgical repair of congenital heart 
defects. 

Design—A retrospective study of all 
patients who had surgical repair of 
congenital heart disease during cold 
blood cardioplegia and topical cooling 
from January to August 1990. Eleven 
patients (group 1) had topical cooling 
with ice and 15 (group 2) with cold saline. 

Patients—All 36 paediatric patients 
operated on during this period. All the 
available electrocardiographic records 
were analysed. Ten patients in whom 
reliable records were not available were 
excluded. Twenty six patients entered in 
this retrospective study. 

Interventions—Topical cooling with 
ice or with a slush of cold saline. 

Main outcome measure—Recordings 
from all the precordial leads were 
examined and scored as the sum of the 
maximum ST elevation (mV) in each 
precordial lead. The score obtained for 
each electrocardiogram was recorded 
together with the timing of the electro- 
cardiogram (preoperative, arrival in 
intensive care unit immediately after 
surgery, postoperatively in the intensive 
care unit, and at discharge). 

Results—There were no differences 
between the two groups in terms of 
demographic data, diagnosis, duration 
of ischaemia, and postoperative myo- 
cardial performance. There was 
temporary ST elevation during the first 
48 postoperative hours in all the children 
in group 1 but in only seven of the 15 
children in group 2 (Fisher’s test, 
p < 0:005). The mean (SD) score for 
maximum ST elevation was 1°34 (0°83) 
mV in group 1 and 0°52 (0°64) mV in 
group 2 (Student’s t test, p < 0°01). 

Conclustons—These temporary elec- 
trocardiographic changes in the 
presence of adequate myocardial per- 
formance were attributed to epicardial 
damage induced by hypothermic- 
osmotic injury. The use of ice for topical 
cooling may damage the epicardium in 
children. 


Topical cardiac hypothermia, used alone or in 
conjunction with cold cardioplegia, is a simple 


and effective means of protecting the myo- 
cardium during cardiac surgery.’ Topical 
cooling, however, can damage the phrenic 
nerve’ t+! and the myocardium. 4 ® We saw 
temporary electrocardiographic variations that 
were probably caused by epicardial damage in 
children in whom topical cooling was used 
during surgical repair for congenital heart 
defects. 


Patients and methods 

From January to August 1990 36 children had 
surgical repair of a congenital heart defect on 
cardiopulmonary bypass. In all patients the 
myocardium was protected by moderate 
hypothermia, cold blood cardioplegia, modified 
warm blood reperfusion, and topical cooling 
during the ischaemic period. 

Initially (January to April 1990) we used ice 
for topical cooling. Later (April to August 
1990) we used a slush of cold saline (4-8°C) 
without ice. We retrospectively compared the 
patients treated by these two methods in terms 
of age, weight, diagnosis, duration of cardio- 
pulmonary bypass and aortic cross clamping 
time, myocardial enzymes (creatine kinase and 
creatine kinase MB), electrocardiograms, and 
clinical indices in the intensive care unit 
(peripheral pulses, peripheral temperature, 
oxygen saturation of the mixed venous blood, 
time of extubation, need for inotropic support, 
length of stay). 

All the available electrocardiograms were 
analysed. We examined the traces from all the 
precordial leads and obtained an arbitrary score 
by adding the maximum ST elevation (mV) 
seen in each precordial lead.**” The score for 
each electrocardiogram was recorded, together 
with the timing of the electrocardiogram (that 
is, preoperative, arrival in the intensive care 
unit immediately after surgery, postoperatively 
in the intensive care unit, and at discharge). 

We excluded patients for whom we did not 
have a complete set of electrocardiograms and 
those who required activation of an external 
pacemaker during the postoperative electro- 
cardiographic recording. All the electro- 
cardiograms were analysed by a cardiologist 
(CC) who was unaware of the type of topical 
cooling used and of the timing of the electro- 
cardiogram. 

We used Fisher’s test to compare the two 
groups in terms of the presence or absence of 
ST elevation and Student’s ż test to compare 
the two groups in terms of the score for 
maximum ST elevation. A probability of 
<(Q-05 was regarded as significant. 


Eptcardial damage induced by 


Table! Clinical data 


topical cooling during paediatric cardiac surgery 
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Group I Group 
Data (topical cooling with ice) (topical cooling without ice) 
Number of patients 11 15 
Mean age (range) (yr) 77 (4-4-15:1) 5-8 (0-8-14:2) 
Mean weight (range) (kg) 25-0 (15-56) 19-3 (6-47) 
Mean duration of CPBP (range) arm 53 (36-70) 72 (28-150) 
Mean aortic cross clamp (range) (min 22 (12-37) 35 pee 
Mean CK (range) (U/I) 674 (147-2130) 874 (318-1642) 
Mean CK MB (range) (U/I) 61 (20-118) 98 (37-196) 


CPBP, cardiopulmonary bypass; CK, creatine kinase. 
There were no significant differences between group 1 and group 2 (Wilcoxon test). 


Table 2 
Electrocardiographic 
scores (mV) 
Patient ECG score (mV) 
Group 1 
(topical cooling with ice) 
l 1-50 
2 1-90 
3 0-75 
4 1-40 
5 1-40 
6 0-50 
7 0-15 
8 2:30 
9 2°85 
10 0-40 
Il 1-55 
Mean (SD) 1-34 (0-83) 
Group 2 
(topical cooling without ice) 
1 0-25 
2 1-50 
3 1-30 
4 145 
5 0 
6 1-20 
7 0 
8 0-95 
9 0 
10 1-20 
11 0 
12 0 
13 0 
14 0 
15 0 


Mean (SD) 0-52 (0-64) 


Results 

We analysed data for 11 patients who had 
topical cooling with ice (group 1) and 15 
patients who had topical cooling without ice 
(group 2) (table 1). The diagnoses in group 1 
patients were subaortic stenosis four, atrial 
septal defect three, aortic valve stenosis two, 
partial atrioventricular septal defect one, and 
partial anomalous pulmonary venous connec- 
tion one. In group 2 patients the diagnoses were 
atrial septal defect five, ventricular septal defect 
three, partial atrioventricular septal defect two, 
tetralogy of Fallot two, subaortic stenosis one, 
aortic valve stenosis one, and partial anomalous 
pulmonary venous connection one. 

‘There were no significant differences between 
the two groups in terms of age, weight, dura- 
tion of cardiopulmonary bypass, duration of 
aortic cross clamping, and activity of creatine 
kinase and creatine kinase MB (table 1). Nor 
were there any differences between the two 
groups in terms of the indirect signs of 
adequate cardiac output during the post- 
operative course (peripheral pulses, peripheral 
temperature, oxygen saturation of the mixed 
venous blood), early extubation, the need for 
inotropic support, and stay in the intensive care 
unit. 

All patients in group 1 showed ST elevation 
in the first 48 hours after operation but only 
seven (47%) of the patients in group 2 
(p < 0-005). In group 1 the mean (SD) of the 
highest electrocardiographic scores was 1-34 
(0-83) (0-5—2-85) mV whereas in group 2 it was 
0-52 (0-64) (0-1:5) mV, (p < 0-01) (table 2). 
None of the patients had electrocardiographic 
changes on the first postoperative recording (at 
arrival in the intensive care unit). The ST 
changes became evident 8-16 hours after 
operation and then progressively diminished 
24-48 hours after operation. No ST segment 
elevation was seen on any of the electro- 
cardiograms recorded at discharge (figure). 


Discussion 

Topical cooling has been reported to provide 
better structural and functional protection of 
the myocardium in children than in adults.» 
The myocardial protection provided by topical 
cooling is even more efficient in neonates than 
in children. Faster and more uniform cooling 
can be obtained in the neonatal heart because it 
has a relatively small cardiac mass and a greater 
surface/wall thickness ratio than the adult 
heart.” In an experimental study of the 
isolated, blood perfused neonatal heart 
adequate myocardial recovery was reported 
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after two hours of ischaemia with topical cool- 
ing as the only method of myocardial protec- 
tion.”” We have always used topical cooling 
with blood cardioplegia for myocardial protec- 
tion in our paediatric patients. Damage to the 
phrenic nerve!?**" and to the myocardium’* 
induced by .topical cooling has often been 
reported but we were unaware of epicardial 
damage in children with this method of 
myocardial protection. 

In our retrospective study we found evidence 
of temporary ST changes in all the patients in 
whom topical cooling was achieved with ice 
(group 1) but in only half of those in whom 
topical cooling was achieved with cold saline 
without ice (group 2). Whatever the method we 
used for topical cooling myocardial protection 
was adequate in all our patients. We therefore 
examined the possibility that the epicardium 
had been temporarily damaged by prolonged 
direct contact with the ice. An interesting study 
showed that ice crystals only form after the 
saline is “‘supercooled”’ to —7°C and that this 
causes the surrounding cold solution to become 
hyperosmotic.” This thermodynamic effect 
could lead to hypothermic-osmotic tissue 
damage during topical cardiac cooling. The 
commonest example of this is paralysis of the 
phrenic nerve.’?74°" 

The degree of hypothermic-osmotic damage 
that could be caused by topical cooling of the 
myocardium is less well understood. Direct 
hypothermic damage to the heart muscle may 
result in disorganisation of the protoplasmic 
structure of the cell surface, possibly by 
drastically dehydrating the fluid layer 
surrounding the protoplasmic surface.” 
Muscle cell membranes start to leak and 
proteins become denatured when their 
temperature is lowered to a critical “‘point of no 
return”. This “‘point of no return”, however, 





Electrocardtogram in a child (case 9) in whom ice was 
used for topical cooling (group 1). (A) preoperative 
recording; { B), {C}, and (D) 6,11, and 16 hours 
postoperatively; (E) at discharge. 
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has never been accurately defined.” Electron 
microscopic studies of smooth muscle prepara- 
tions showed that this process was already 
evident at temperatures as high as —2:5°C.” 

As the muscle is frozen to — 20°C more and 
more cells show signs of severe structural 
damage such as disrupted plasma membranes 
and mitochondria, gross alterations to contrac- 
tile myofilaments, complete disintegration of 
myofilaments and shrinkage of nuclei.” Walter 
also found that hypertonic salt solutions 
damaged smooth muscle and he concluded that 
sodium chloride is the electrolyte that is most 
likely to cause damage during freezing and 
thawing.” Furthermore the myocardial storage 
temperature affects the recovery of calcium 
ATPase: after storage at 0-4°C recovery of 
calcium ATPase function was poor, which may 
be an explanation for the abnormal relaxation 
of stored myocardium.” 

We examined our clinical experience in the 
light of these reported experimental observa- 
tions. We found that (a) the electrocardio- 
graphic changes we saw were completely 
different from the T wave changes seen after the 
pericardiotomy; (b) the electrocardiographic 
changes occurred even when myocardial per- 
formance was adequate. (This fact supports 
our hypothesis that the temporary ST elevation 
was an expression of epicardial damage without 
depression of the myocardial function.); (e) the 
ST changes coincided with the appearance of 
epicardial oedema within a few hours of the 
hypothermic-osmotic damage, and subse- 
quently disappeared with routine fluid 
restriction and use of diuretics in the first 48 
hours after operation. 

We conclude that (a) the topical cooling 
obtained with ice may induce temporary 
epicardial damage in children even when there 
are no adverse clinical occurrences; (6) the 
potential for hypothermic-osmotic injury 
should be borne in mind whenever topical 
cardiac hypothermia is used; (c) epicardial 
damage can be avoided if cold saline is used 
instead of ice for topical cooling (cold blood 
cardioplegia with modified reperfusion and 
topical cooling with cold saline gives adequate 
myocardial protection). 
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How is no longer a problem — 
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The microcomputer revolution has made powerful machines and highly 
complex programs generally available. This means that users of statistical 
techniques need no longer be concerned with the arithmetical and algebraic 
details — the software will take care of all that. What is vital, however, is to 
understand the ideas and the basic principles of statistical analysis. In Medical 
Statistics on Microcomputers R A Brown and J Swanson Beck show how to get 
the best use out of microcomputers when analysing data, particularly in the 
pathology laboratory. They explain the rational babis of various widely 
applicable statistical methods and also indicate their limitations so that you 
can make an informed choice. Chapters include: 
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A model to simulate the haemodynamic effects of 
right heart pulsatile flow after modified Fontan 


procedure 


Shuji Tamaki, Kouhei Kawazoe, Toshikatsu Yagihara, Toshio Abe 


Abstract 

The effect of pulsatile pulmonary flow 
after the modified Fontan procedure was 
examined in a model that simulated the 
right heart. An inlet overflow tank 
(preload), axial pulsatile pump, Wind- 
Kessel model (afterload), and an outlet 
overflow tank were connected in series. 
The standard conditions were flow 2-00 
l/min with 12 mm Hg preload pressure, 
3°0 Wood units resistance, and an outlet 
overflow tank pressure at 6 mm Hg. The 
pump rate was set at 80 beats/min. The 
simulated pulmonary arterial pressure 
and pulmonary flow waves produced by 
this model closely resembled those 
obtained from patients who had under- 
gone the modified Fontan procedure. Al 
variables except the preload were fixed 
and changes in pulmonary flow were 
examined at preload pressures of 8, 12, 
15, and 17 mm Hg. As the peak pulmon- 
ary arterial pressure increased so did 
pulmonary flow, until it was greater than 
during the non-pulsatile state. Because 
the afterload of this model was fixed, this 
result suggests that there was a con- 
comitant decrease in resistance. 

This model indicates that pulsatile 
pulmonary blood flow is likely to have a 
beneficial effect on the pulmonary circula- 
tion after the modified Fontan procedure. 


After the modified Fontan procedure the right 
atrial and pulmonary arterial pressure waves, 
which are almost entirely a function of right 
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Figure 1 Simulation of the right heart after a modified Fontan procedure. The inlet 
overflow tank (preload), axial pulsatile pump, Wind-Kessel model (afterload), and the 
outlet overflow tank (left atrium) were connected in series and filled with water at 37°C. 


atrial contraction and relaxation, have a 
characteristic configuration. It has not 
known however, whether the pulsatile blood 
flow from the right heart has any effect on the 
pulmonary circulation. We studied this ques- 
tion in a model we constructed to simulate the 
right heart after the modified Fontan 
procedure. 


Method 

Figure 1 shows the model simulating the right 
heart after the modified Fontan procedure. 
The inlet overflow tank (preload), axial pul- 
satile pump, Wind-Kessel model (afterload), 
and the outlet overflow tank (left atrium) were 
connected in series and filled with water at 
37°C. A rise in the level of the water in the 
inlet overflow tank was prevented by an open 
cylinder. The height of this cylinder deter- 
mined the preload. In this model the axial 
pulsatile pump had no prosthetic valves in 
either the inlet or outlet parts to better 
reproduce conditions present in the right 
atrium after the modified Fontan procedure. 
The Wind-Kessel model, which provided the 
afterload, was constructed of a compliance 
chamber and a servocontrolled valve. The 
compliance chamber was filled with air to one 
third of its total volume.* The standard condi- 
tions were established in a non-pulsatile state: 
flow was 2:00 l/min with a 12 mm Hg preload, 
the afterload was 3-0 Wood units, and the 
outlet overflow tank pressure was 6 mm Hg. 
Afterload and outlet overflow tank pressures 
were fixed throughout the experiment. The 
pump was set at a rate of 80 beats/min. Under 
standard conditions this model produced pul- 
monary arterial pressures and pulmonary flow 
waves that resembled those recorded in a 
patient who had undergone the modified Fon- 
tan procedure (fig 2). The driving pressure, 
systolic fraction, and the vacuum were adjus- 
ted (while the standard conditions were main- 
tained) to create a pulsatile flow that produced 
graduated increases peak pulmonary arterial 
pressures to values 1 mm Hg greater than the 
preload. This was done to examine the chan- 
ges generated in the pulmonary flow waves. 
The same manipulations were performed at 
the other preload values of 8, 15, and 
17 mm Hg. 

We used a Sharp control air driving pump 
(H-4000). All fluid filled catheters were con- 
nected to Gould P-50 pressure transducers. 
The flow rate was measured electromag- 
netically with a Nihonkouden MFV-2100 
flowmeter and a FF-150T cannulating flow 
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Figure 2 Clinical and simulated pulmonary 
flow (PF) waves. Clinical PF waves were recorded 
Simulated PAP and PF waves closely resemble the chini 


Figure 3 Non-pulsatile 
and pulsatile 


and pump pressure { PP} 
waves under standard 
conditions: flow rate 

2:00 I/min, with 

12 mm Hg preload, 
resistance, 3-0 Wood units 
and an outlet overflow tank 
pressure of 6 mm Hg ina 
non-puisatile state. As the 
peak PAP increased above 
the preload, the PF 
increased from 2-00 l/min 
in the non-pulsatile state 
to a maximum of 

2°65 ljmin at a peak PAP 
of 19 mm Hg. 


arterial pressure (PAP) and pulmonary 
Doppler echocardiography. 
examples, 


transducer. Pressure and flow signals were 
recorded on a San-ei 361 eight channel 


polygraph. 


Results 

Under standard conditions, with a 12 mm Hg 
preload, we simulated eight pulsatile flow pat- 
terns with peak pulmonary arterial pressures 
1 mm Hg greater than the preload—that is 13, 
14, 15, 16, 17, 18, 19, and 20 mm Hg when the 
preload was 12 mm Hg. We recorded pump 
pressure, pulmonary flow, pulmonary arterial 
pressure, and waves at each pressure (fig 3). 
These waves closely resembled clinical trac- 
ings. As peak pulmonary arterial pressure 
became increasingly greater than the preload, 
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Figure 4 Changes in pulmonary flow (PF) examined at 
preloads of 8, 12, 15, and 17 mm Hg when all another 
variables remained constant. Each pulsatile flow pattern 
was produced by an increase in the peak pulmonary 
arterial pressure (PAP) in 1 mm Hg steps above the 
preload. 


pulmonary flow increased from 2-00 l/min in 
the non-pulsatile state to a maximum of 2-65 1/ 
min at a peak pulmonary arterial pressure of 
19 mm Hg (fig 4). Changes in pulmonary flow 
were also seen when the preload was set at 8, 15, 
and 17 mm Hg (fig 4) and all other standard 
conditions were held constant. At any given 
preload there was a corresponding pulmonary 
arterial pressure that produced the greatest 
pulmonary flow. For an 8 mm Hg preload the 
largest pulmonary flow seen was 1-55 l/min 
at a peak pulmonary arterial pressure of 
14 mm Hg. At a 15mm Hg preload and 
22 mm Hg peak pulmonary arterial pressure, 
pulmonary flow was 3-30 l/min. With a preload 
of 17 mm Hg and a peak pulmonary arterial 
pressure of 25 mm Hg, pulmonary flow was 
3-80 l/min. Peak flow rates under non-pulsatile 
conditions for preloads of 8mm Hg, 
15 mm Hg, and 17 mm Hg were 1-10 l/min, 
2:65 l/min, and 3-15 l/min respectively. Pul- 
monary flow when peak pulmonary arterial 
pressures were optimal was much greater than 
under non-pulsatile conditions. 


Discussion 

The results of clinical and experimental studies 
that examined the importance of atrial contrac- 
tion in providing energy to the pulmonary 
circulation in patients after a modified Fontan 
procedure are conflicting. Yacoub reported that 
pulsatile pulmonary blood flow had a beneficial 
effect on gas exchange and affected the regula- 
tion of pulmonary vascular tone after this 
operation.” Using a velocity transducer Naka- 
zawa et al showed that atrial contraction enhan- 
ced flow into the pulmonary circulation.® 
However, the results of several experimental’ ® 
and clinical’!° studies suggest that atrial 


A model to simulate the haemodynamic effects of right heart pulsatile flow after modified Fontan procedure 


contraction may not be essential for the main- 
tenance of the pulmonary and systemic circula- 
tions. Thus the importance of pulsatile 
pulmonary blood flow from atrial contraction 
after the modified Fontan procedure remains 
controversial. 

Changes in the right heart can be difficult to 
evaluate in vivo because changes in the left 
heart can affect the right heart. In the present 
right heart model we directly investigated the 
haemodynamic effects of pulsatile pulmonary 
flow. The axial pulsatile pump in this model had 
a contraction characteristic that was linearly 
related to the afterload. When Lau ez al studied 
the instantaneous pressure-volume relation of 
the right atrium during isovolumic contraction 
in the canine heart they found a straight line 
relation between the end systolic pressure and 
volume." This suggests that the valveless axial 
pulsatile pump model may be able to simulate 
the haemodynamic effects of the right heart 
after the modified Fontan procedure. In fact, 
the pulmonary arterial pressure and pulmonary 
flow waves simulated in this model closely 
resemble the waveforms obtained from patients 
after the modified Fontan procedure. On the 
other hand, de Leval et al, using a similar 
system, reported that the introduction of pulsa- 
tion predominantly increased the proximal 
venous pressure.’? The reasons for the dis- 
crepancy between their results and ours is not 
clear. However, their report did not specify the 
pulsatile conditions or include the pulmonary 
artery pressure tracings. We believe that it ts 
important that the simulated pulmonary 
arterial pressure trace mimics a clinical one 
before meaningful conclusions can be drawn. 
We found that the pulmonary arterial pressure 
trace was affected by the pump driving pres- 
sure, fraction of systole, and the vacuum. In 
fact, in our model, suboptimal pulsatile condi- 
tions produced poor pulmonary flow, resulting 
in pulmonary arterial pressure tracings that did 
not resemble clinical ones. Such suboptimal 
conditions might contribute to increased back 
flow rather than to forward flow. Whether one of 
these factors or some other factor is responsible 
for the discrepancy between our results and 
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those of de Leval et al is not clear and requires 
further study. 

Nevertheless, in our model when the pul- 
satile conditions were optimised to produce a 
pulmonary arterial pressure trace that 
mimicked a clinical one, we found that as the 
peak pulmonary arterial pressure increased, 
pulmonary flow gradually increased until it was 
greater than during the non-pulsatile state. 
The resistance in this model is fixed by the 
non-elastic tube. So an increase in pulmonary 
flow with pulsation suggests that pulsation 
decreases the resistance. These results suggest 
that pulsatile pulmonary blood flow has a bene- 
ficial effect on the pulmonary circulation after 
the modified Fontan procedure. 
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Determination of cardiac output by an angle and 
diameter independent dual beam Doppler 
technique in critically ill infants 
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Abstract 

Objective—To compare cardiac output 
measurements in critically ill infants by 
the dual beam Doppler and thermodilu- 
tion techniques. 

Design—Prospective direct compar- 
ison of the two techniques. For statistical 
evaluation one randomly assigned paired 
measurement of every patient was used. 

Setting——Paediatric intensive care unit 
in a university hospital. 

Patients—18 infants after open heart 
surgery aged 4-25 months (weight 4- 
10 kg). 

Interventions—Cardiac output meas- 
urements by dual beam Doppler and 
thermodilution techniques were per- 
formed within 10 minutes of each other 
and without knowledge of the results. of 
the other methods. Multiple measure- 
ments were performed on some patients 
with a pharmacological or electro- 
physiological intervention or with a min- 


imum of six hours between each pair of- 


measurements. 

Measurements and main results— 
Three patients were excluded because of 
an inadequate Doppler signal or a sig- 
nificant residual shunt. Cardiac output 
measurements ranged from 0'4 to 2:2 
I/min for the thermodilution technique 
and from 0:5 to 2'1 l/min for the dual 
beam Doppler technique. Agreement 
between both methods was acceptable. 
The mean difference between the two 
methods was 0:026 I/min with two stan- 
dard deviations ranging from — 0:20 to 
0-26 L/min. 

Conclusion—The dual beam Doppler 
technique was shown to have promise 
for the non-invasive determination of 
cardiac output in critically ill infants. 


Assessment of cardiac function is important in 
the evaluation and treatment of critically ill 
neonates, infants, and children. Cardiac out- 
put is usually measured by thermodilution or 
dye dilution techniques. These techniques, 
however, require insertion of a catheter into 
the pulmonary artery.” They are complicated 
in neonates and infants because the arteries 
small size and are associated with low but 
measurable morbidity and mortality. Pulsed 
Doppler measurement of cardiac output has 
been proposed as a non-invasive method of 
measuring cardiac output in children and in 
adults.*° In critically ill patients technique 


was, however, reported to be unsatisfactory 
compared with the thermodilution method.”* 
The following factors are thought to con- 
tribute to the inaccuracy of the Doppler 
method: 

(a) Incorrect determination of vessel 
diameter, which is subsequently squared 
to calculate the cross sectional area of the 
vessel>*—for example, measurement of the 
aortic diameter as 11 mm instead of 10 mm in 
a neonate causes overestimation of cardiac 
output by 21%. There are also appreciable 
changes in cross sectional areas of aortic and 
pulmonary arteries during the cardiac cycle— 
for example 9% and 12% respectively in 
dogs.” 

(6) Velocity measurements when the angle 
of insonation (9) is > 15° can significantly 
underestimate cardiac output, especially if a 
“blinded” technique is used in which a small 
angle @ is assumed.** 

(c) Incorrect determination of the mean 
velocity by measurement of the velocity at 
only one point within the vessel. This velocity 
is used as the spatially averaged velocity 
assuming a flat velocity profile. It has been 
shown, however, that in both major arteries 
the velocity pattern changes.'°"! 

The dual beam Doppler system is supposed 
to avoid many of the limitations of cardiac 
output determination by conventional 
Doppler echocardiography’** and a dual 
beam Doppler system is now available for 
infants and children. We have evaluated the 
accuracy of the dual beam device for measur- 
ing cardiac output in critically ill infants and 
children by comparing it with cardiac output 
measured by thermodilution. 


Patients and methods 

The study group consisted of 18 patients aged 4 
to 25 months (mean 9-9 months) with a weight 
of 4-1 to 10 kg. The indication for cardiac 
output measurement by thermodilution was 
management after open heart surgery. Surgery 
included repair of an atrioventricular septal 
defect in four patients and closure of a ven- 
tricular septal defect in 11 patients. We 
repaired tetralogy of Fallot, double outlet right 
ventricle, and transposition of the great arteries 
in one patient each. The catheters were placed 
in during operation. Multiple measurements 
were made in some patients who had a phar- 
macological or electrophysiological interven- 
tion and in other patients who had a mipimum 
of six hours between each pair of 
measurements. 
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DUAL BEAM DOPPLER TECHNIQUE: 

PRINCIPLE OF OPERATION 

A commercially available dual beam Doppler 
system (Quantascope, Vital-Science) with a4 
MHz two element annular array transducer 
(paediatric probe) was used. The “‘attenuation 
compensated flowmeter”? used for this tech- 
nique consists of a non-imaging, two parallel 
channel pulsed Doppler system with two con- 
centric ultrasound beams and this approach has 
been described extensively. "* Briefly, the first 
beam is a uniform wide beam, with a sample 
volume that totally encompasses the vessel 
lumen (fig 1). The second, a narrow beam, is 
wholly within the flowing blood and its area at 
any depth is known exactly. Because of the size 
of the narrow beam, the diameter of the ascend- 
ing aorta should be at least 10 mm. 

Mean velocity (V) is measured with the wide 
beam, which completely insonates the ascend- 
ing aorta and thus determines the Doppler shift 
frequency of all erythrocytes passing through 
the aorta. Thus a constant velocity profile does 
not have to be assumed; V is then proportional 
to the mean Doppler shift frequency (Fd) 
divided by cos @ of the angle of insonation: 


V ocFd/cos 8 (1) 

The cross sectional area of the ascending 
aorta (A) is calculated from the intensity of the 
returned Doppler shift frequencies of the two 
beams. Because each erythrocyte contributes 
equally to this backscattered Doppler power, 
the Doppler power of the wide beam (Pw) is 
equal to the projected lumen area (A,) multi- 
plied by an unknown attenuation constant (K,): 


Pw = Ap x Ka (2) 
Because A, is equal to A divided by the cos 0, 
equation (2) can be written as: 

Pp. = Ax K 

* ~ cos 6 (3) 

So in equation (2) the Doppler power of the 
narrow beam (P,,) equals the known area of the 
narrow beam (A,) multiplied by the same 
attenuation constant K,: 


Pa = Aa x Ka (4) 


A combination of equations (3) and (4) gives 

the cross sectional area A as: 

Pw 

A= Aw x cos @ x P, (5) 
Cardiac output (CO) is the product of V, A, 

and heart rate (HR). Therefore combination of 

equations (1) and (5) gives, cardiac output as: 


CO = C x As x Fd x-p* x HR (6) 


where C is a precalibrated attenuation con- 
stant. 

The dual beam Doppler technique deter- 
mines Doppler shift frequency, Doppler power 
return of the two beams, and heart rate. Equa- 
tion (6) is used to calculate cardiac output (fig 
1). Cardiac output measurements by this 
device are independent of the angle of insona- 
tion 0 and a separately determined cross sec- 
tional area. 
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aE Projected area (Ap) 
xe ‘Cross sectional area of the vessel IA} 


Figure 1 Schematic drawing showing the two beams of 
the dual beam ler in a front view of the heart and 
ascending aorta. Pn and Pw, returned Doppler power 
i the narrow and wide beams; Fd, mean Doppler 

t. 


DOPPLER CARDIAC OUTPUT MEASUREMENTS 

The transducer was placed in the suprasternal 
notch and directed towards the ascending 
aorta. The transducer position and sample 
depth were optimised by the typical audio 
signal of aortic blood flow and by maximisation 
of the power return of the small beam. The 
power and velocity wave forms were evaluated 
with an online computer (Toshiba 3100). 
Dependent upon the heart rate of the patient, 
five to 15 beats were averaged and 
measurements of cardiac output, stroke 
volume, heart rate, and flow acceleration were 
obtained. The precision of cardiac output 
determination of the first 16 patients was 
limited to 0:1 l/min; with changed software it 
was improved to 0-001 l/min. Measurements 
were made without knowledge of the cardiac 
output by thermodilution. 


MEASUREMENT OF CARDIAC OUTPUT 

BY THERMODILUTION 

Cardiac output was measured by thermal dilu- 
tion within 10 minutes of the Doppler deter- 
mination of cardiac output without knowledge 
of those results and in an unchanged 
haemodynamic state. The study protocol cons- 
isted of three iced dextrose injections, which 
were averaged. Computation of cardiac output 
was done either with an Abbot Oximetrix 3 
cardiac output computer or with the cardiac 
output module of the Mennen Medical Solo 
monitor system. The precision of cardiac out- 
put determination was limnited to 0-1 1/min. 


STATISTICAL ANALYSIS 

For the statistical evaluation of the agreement 
between the measurements of cardiac output 
by thermodilution and dual beam Doppler 
techniques only one randomly assigned paired 
measurement of each patient was used. The 
mean of each pair of measurements, together 
with the difference between each pair, were 
determined and these were plotted against each 
other. Agreement between the two methods 
was estimated by calculating the mean dif- 
ference between the two methods and two 
standard deviations (SD) as suggested by 
Bland and Altman.” The difference between the 
two measurements of each pair was evaluated in 
absolute values and also as a percentage of the 
average cardiac output of each pair: 


% difference = 
CO thermodilution — CO Doppler 


(CO thermodilution + CO Doppler) = 2 * "% 


Reproducibility studies in adults showed that a 
difference of at least 15% (with three determin- 
ations for one measurement) between succes- 
sive measurements is necessary to indicate a 
significant change in cardiac output.” For that 
reason percentage differences of >15% bet- 
ween results from thermodilution and Doppler 
techniques were regarded as clinically mean- 
ingful. 

To illustrate the whole scatter of differences, 
all pairs of measurements were also evaluated; 
although it is not total, these pairs show some 
independence because of the changes that 
occur in the patient’s clinical state between 
each pair of measurements. 


Results 

Three of the 18 patients were excluded—two 
because of an inadequate Doppler signal. One 
of the two had a residual left ventricular outflow 
obstruction with high blood flow velocities that 
caused aliasing. The other had transposition of 
the great arteries. The third patient was 
excluded because ofa significant residual shunt, 
as shown by colour Doppler echocardiography 
and by an increase in oxygen saturation from 
the right atrium to the pulmonary artery. This 
would have caused an overestimation of cardiac 
output by the thermodilution method. 

We obtained 96 pairs of measurements from 
the remaining 15 patients. Cardiac output 
determinations ranged from 0-5 to 2-1 l/min for 
the Doppler technique and from 0-4 to 


. 2:2 1/min for the thermodilution method. 


In the 15 pairs of measurements used for 
statistical evaluation, an acceptable agreement 
was found between the two methods, with a 
mean difference of 0:026 (2SD range — 0-20- 
0-26) l/min (fig 2). The mean percentage dif- 
ference between the methods was 1:9% (2SD 
range —20:5-24:2)% (fig 3). In one patient the 
percentage difference was >15%. In four 
patients the percentage difference was bor- 
derline at about 15%. 

When all 96 pairs of measurements were 
used similar results were obtained (table, figs 2 
and 3). In 13 pairs of measurements the percen- 
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Figure 2 Differences in ljmin between cardiac output 
determinations by thermodilution and Doppler plotted 
against the mean of the two determinations. (A) Only 
one randomly assigned patred measurement of every 
patient {n = 15) is shown. (B) All paired measurements 
(n = 96) are shown. Bach square represents a 
measurement on one pair. Where two or more 
measurements fall on the same point they are indicated by 
the appropriate number. 
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Figure 3 Differences between cardiac output 
determinations by thermodilution and Doppler as 
percentages of the mean of the two determinations plotted 
against that mean. Explanation as for fig 2. 


tage difference was > 15% and in another six 
this was borderline at about 15%. 


Discussion 

In the group of critically ill children studied, 
cardiac output measurements by the dual beam 
Doppler and thermodilution methods showed 
acceptable agreement. This is the first study to 
evaluate the dual beam Doppler method in 
critically ill children. In adults as good, or 
better, results have been reported with the dual 
beam Doppler system in patients during car- 
diac catheterisation and in medical or surgical 
intensive care units. '* Two other studies in 
patients in intensive care found good correla- 
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Agreement between dual beam Doppler and with 


thermodilution techmque 
Thermodilution v Doppler 
One pair of AH pairs of 
Measurements measurements 
per patient (n = 96) 
(n m 15) 
Mean difference 0-026 (0-23) 0-018 (0-25) 
(28D) (l/min) 
Mean Prana difference 1-88 (22-36) 0-65 (22-37) 
(28D) (%) 


tions between cardiac output measured by the 

dual beam Doppler and thermodilution tech- 

niques. It was also noted that in some patients 

significant differences between the two methods 

could be shown by bias analysis. In our 

study we found a considerable variation bet- 

ween results obtained by the two techniques: 

95% of the percentage differences could be 

expected in the range —21% to 25%. In only 

one of the 15 paired measurements and in 13 of 
all paired measurements percentage differences 

>15% were found and these were considered 

to be clinically meaningful. In a recent study 

that compared cardiac output measured by 

conventional Doppler echocardiography and 
by thermodilution in critically ill children a 
percentage difference > 15% between the two 
methods was noted in 45% of all measurements 
and a percentage difference > 25% was evident 
in a quarter of the measurements.’ Compared 
with these results the dual beam Doppler 
technique seems to give a more reliable 
measure of cardiac output in critically ill chil- 
dren. This is probably owing to the elimination 
of possible errors of the conventional Doppler 
method, as mentioned previously. The 
accuracy of the dual beam Doppler technique 
could probably be increased by averaging three 
measurements as. in the thermodilution tech- 
nique. In this technique the difference between 
two successive determinations necessary to 
show a significant change in cardiac output can 
be reduced from 26% to 15% if an average of 
three measurements is taken.’ 

None the less the accuracy of the ther- 
modilution method in humans is not known 
exactly and minor alterations in technique can 
cause overestimation of cardiac output by as 
much as 58%.” 7! Even under optimum condi- 
tions in vitro the standard error is seldom less 
than 10%.” In a recent reproducibility study 
only 70% of the differences were within 20% of 
the mean value.” It has been concluded that the 
overall biological error of any method of car- 
diac output measurement is 15-20% .*4 

Both Doppler methods, when used from the 
supersternal notch, calculate cardiac output 
without coronary blood flow. This explains, at 
least to some extent, the underestimation of 
Doppler cardiac output measurements 
compared with the thermodilution method in 
this study. Furthermore, the thermodilution 
method might have overestimated cardiac out- 
put because of small residual shunts that are 
often present immediately after patch closure 
of ventricular septal defects and which sub- 
sequently close spontaneously.” For most of 
our patients colour Doppler echocardiography 
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was not available in the early postoperative 
period. Colour Doppler echocardiography 
carried out later showed a residual shunt only 
in the one patient mentioned earlier, who was 
excluded from the study population. 

‘The dual beam Doppler method is subject to 
several systematic errors. Unless the wide 
beam completely insonates the aorta cardiac 
output will be underestimated. Similarly the 
sample volume of the narrow beam has to be 
completely within the aorta, otherwise overes- 
timation results. Furthermore, the wide beam 
may not reach the complete ascending aorta 
because of overlying lung tissue. On the other 
hand, the main or right pulmonary artery may 
also be partly insonated by the wide beam. Both 
of these factors’ will cause errors in calculated 
cardiac output. Because the Doppler power 
return of the two beams is used to calculate 
aortic cross sectional area, this calculation, as 
with conventional Doppler echocardiography, 
seems to be a source of possible major errors. 
The problem may be aggravated when the dual 
beam Doppler technique is used over the whole 
paediatric age group. Another Doppler probe 
with larger sized beams may be needed for 
older children who are still too small for the 
adult probe. Premature infants with low and 
very low birth weight need a probe with even 
smaller beams. 

We concluded that the dual beam Doppler 
technique is a sumple and promising method to 
measure the ascending aortic blood flow non- 
invasively in critically ill infants. It seems 
especially useful in this age group, in which 
invasive cardiac output measurement is more 
difficult than in older children or the adult 
population. Further evaluation of this system 
including its use in older children is needed. 


We thank Paul Seifert, PhD, for his advice in the preparation of 
the paper. 
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Percutaneous transarterial balloon dilatation of 
the mitral valve: five year experience 


Uros U Babic, Sreten Grujicic, Zoran Popovic, Zoran Djurisic, Petar Pejcic, 


Mihailo Vucinic 


Abstract i 

Objective—To examine the value of 
transarterial balloon dilatation of the 
mitral valve for treatment of patients 
with mitral stenosis over a period of five 
years. 

Design—Analysis of patients’? func- 
tional state, and haemodynamic and 
echocardiographic variables, before and 
immediately after the procedure and 
during a follow up of up to five years. 

Setting—A cardiovascular centre in 
Belgrade, Yugoslavia. 

Patients—Two hundred and ninety 
four patients who underwent percutan- 
eous transarterial dilatation of the 
mitral valve between February 1985 and 
February 1990. 

Results—Mean mitral valve area was 
enlarged by 109%. Complications in- 
cluded death (0-7%), severe mitral insuf- 
ficiency (2°3%), mild mitral insufficiency 
(99%), cerebral embolism (2%), and 
injury to the femoral artery (2%). Two 
more patients died at two and 11 months 
after the procedure. Late cardiac sur- 
gery was needed in eight patients (mitral 
insufficiency in three, restenosis in three, 
thrombus in one, and endocarditis in 
one. Restenosis occurred in seven 
patients. Four of these underwent repeat 
dilatation and three had surgery. Im- 
provement of symptoms was seen in 94% 
of patients during the follow up. 

Conclusiton—Transarterial balloon 
dilatation of the mitral valve gave good 
results with acceptable morbidity and 
mortality and had some advantages over 
the anterograde approach. 


Balloon dilatation of the mitral valve is often 
used to treat mitral valve stenosis. The 
original transvenous technique reported by 
Inoue et al' has been modified by many work- 
ers.?7? To avoid injuring the interatrial septum 
with large balloon catheters and to enable 
better stabilisation of the balloon across the 
mitral valve we started to use the transarterial 


‘approach’in February..1985. This study des- 


cribes our five year experience with this tech- 
nique in 294 patients. 


Patients and methods 

PATIENTS 

From February 1985 to February 1990, 294 
patients (238 (81%) women and 56 (19%) 


-men aged 15-76 (mean (SD) 36 (7) years) 


underwent transarterial balloon dilatation of 
the mitral valve. Atrial fibrillation was present 
in 64% of patients. Only 35 patients (12%) 
had been given anticoagulants before the 
procedure. Sixty one patients were in the New 
York Heart Association (NYHA) functional 
class IV, 185 in class III, 37 in class IJ, and 11 
in class I (all young women who wished to 
become pregnant). According to the echocar- 
diographic criteria* 171 (58%) patients had a 
pliable mitral valve. There was calcification of 
the mitral valve or mitral apparatus or both, as 
verified by echocardiography and fluoroscopy, 
in 49 patients (16%) although 15 still had a 
pliable valve. 

None of the patients had important coron- 
ary artery disease, 48 had aortic valve regur- 
gitation of less than Sellers’ grade III, two 
had considerable and four minor aortic valve 
stenosis. Nine patients had undergone pre- 
vious open or closed mitral commissurotomy. 

Patients with left atrial thrombi or mitral 
valve regurgitation greater than grade JI and 


_those with a significant iliofemoral arterial 


disease were excluded. All patients gave in- 
formed consent. 


TECHNIQUE 

The technique of transarterial balloon dilata- 
tion of the mitral valve has been reported 
previously.” A description of our present 
technique 18 given here. The double balloon 
catheter technique has not been used since 
low profile single catheter with the shaft con- 
nected to two balloons in parallel (twin Mans- 
field) became available. 

Right and left catheterisations were per- 
formed. Cardiac output was determined by 
the Fick principle based on an assumed 
oxygen consumption® and by the thermodilu- 
tion technique. The mitral valve area was 
calculated from the Gorlin formula.’ Coron- 
ary angiography was performed in all patients 
to exclude those with coronary artery disease 


. and.to..look for possible neovascularisation of 


left atrial thrombi.’° A Mullins 8 French 
trans-septal sheath was advanced from the 
right femoral vein trans-septally into the left 
atrium. Heparin (100 units/kg) was given. A 7 
French retrieval catheter’ was advanced 
through a sheath from the left femoral artery 
to the aortic root where its wire loop was 
opened. A 7 French floating Swan-Ganz cath- 
eter (Vygon), which permits a 0-035 inch wire 
to pass through its central lumen, was ad- 


‘ vanced through the Mullins sheath into the 
‘left atrium. The Swan-Ganz floating catheter 
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Figure 1 Diagram of 
transarterial balloon 
dilatation of the mitral 


was inflated with carbon dioxide and advanced 
through the left ventricle into the aortic root 
across the wire loop of the retrieval catheter. 
A guide wire (350 cm long 0-035 inch dia- 
meter, with flexible J end, Cook) was advanced 
via the Swan-Ganz floating catheter from the 
right femoral vein into the aortic root where it 


was snared by the retrieval catheter and ` 


brought out of the body through the left 
femoral artery. A F14 sheath was inserted 
over this wire into the left femoral artery. A 
balloon catheter (twin Mansfield) was intro- 
duced over the wire through the F14 sheath 
from the left femoral artery to the aortic root. 
The floating catheter was withdrawn and a two 
way Tuohy-Borst adapter was attached on the 
proximal hub of the Mullins sheath. The 
central channel of the adapter secured the 
venous end of the long guide wire while the 
sidearm served as the left atrial line for moni- 
toring of left atrial pressure and for simulta- 
neous injection of contrast medium into the 
left atrium. The long guide wire was pushed 
from both sides to form a large loop within the 
left ventricle. The balloon catheter was advan- 
ced over the loop into the left ventricle up to 
2-3 cm from the apex after which it was 
placed across the mitral valve by pulling the 
long guide wire from the venous side while 
the arterial end of the long wire was secured 
to the balloon catheter shaft by a Y connector 
(fig 1). 

After the balloon was positioned across the 
valve orifice it was inflated and optimal 
positioning of the balloon was controlled by 
injection of contrast medium into the left 
atrium (30 ml volume; 8 ml/s flow). To keep 
the balloon stable, the Mullins sheath was 
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Figure 2 Cinsangiogram showing a twin balloon 
(18 + 20 mm Mansfield) placed and semi-inflated across 
the mitral valve. 


pushed while the balloon catheter (secured to 
the wire by Y connector) was pulled forward 
(fig 2). The balloon was deflated and pulled 
back into the aortic root. 

A single 25mm balloon (Mansfield) was 
used in 17 patients, two balloons (2 x 18, 
18 + 20,2 x 20 mm Mansfield) in 188, and a 
bifoil (2 x 19 Schneider) or a “twin” 
(18 + 20) in 89 patients. 

_Left atrial pressure and the mitral gradients 
were recorded by advancing the Mullins 
sheath into the left ventricle and withdrawing“ 
it into the left atrium. When necessary, dilata- 
tion was repeated with the same or a larger 
balloon exchanged over the wire. The hae- 
modynamic measurements .and left ven- 
triculography were repeated after final dilata- 
tion and in most patients contrast medium 
was injected into the left atrium through a 
pigtail catheter in the Mullins sheath to 
exclude left-right shunting. Cephalosporin 
was given intravenously one hour before and 
for the first 24 hours after the procedure. An 
oral antibiotic was given for the next five days. 
Oral anticoagulants were given to all patients 
for six months after balloon dilatation and 
treatment was continued for longer in those 
with atrial fibrillation. Balloon sizes were 
chosen according to diastolic left ventricular 
diameter, valve anatomy, and the body surface 
area. 


FOLLOW UP 

The patients were followed up as outpatients 
one and six months after the procedure and 
thereafter once a year. Clinical state and chest 
x ray film were assessed and physical examina- 
tion and cross sectional and Doppler echocar- 
diography were performed at each visit. 
Repeat catheterisation was performed only in 
patients with significant recurrent symptoms. 


DATA ANALYSIS 
Data were expressed as a mean (SD). The 
variables were compared by Student’s t test. 


Results 

Within the five year period 16 patients with 
mitral stenosis were found to have left atrial 
thrombi and were sent for surgery rather than 
balloon dilatation of the valve. Transthoracic 
echocardiography showed atrial thrombi in 11 
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Haemodynamic results before and after percutaneous transarterial balloon dilatation of 


the mitral valve in 294 patients 


Pressures (mm Hg): 
artery 
Systolic 
Mean left atrial 
Mean mitral valve gradient 
Cardiac output (l/min) 
Mitral valve area (crn?) 





Before After 

mean (SD) mean (SD) p Values 

62 (12) 44 (8) <0-001 

23 (6) 11 (4) <0-001 

18 (6) 6 (3) <0-001 
£107 4-3 (0-6) > 0-05 
1-1 (0-3 2:3 (0-4) <0-001 


patients, and coronary angiography detected 
neovascularisation of thrombi in eight, includ- 
ing five in whom echocardiography had been 
negative. Thrombi were found at operation in 
all of these patients. In four patients trans- 
septal catheterisation caused a haemopericar- 
dium and cardiac tamponade that required 
subxiphoid pericardiocentesis with a pigtail 
catheter. These patients were discharged and 
the procedure was successfully repeated two to 
four months later. Valve dilatation was 
accomplished in all 294 patients in whom it was 
attempted. The time needed for the entire 
procedure with a single balloon catheter (bifoil 
or twin) was less than one hour in most 
patients. In 14 patients the result was poor 
(enlargement of the mitral valve area was less 
than 25%). 

The table gives the Hencida indices 
before and after balloon dilatation. The mean 
mitral valve area was enlarged by 109%. The 
increase in valve area was more prominent in 
younger patients and in those with a pliable 
valve (fig 3). In two patients with concomitant 
aortic valve stenosis, combined aortic and 
mitral valve balloon dilatation was performed 
with the same long guide wire arrangement.” 
The aortic valve gradients were reduced from 
85 to 25 mm Hg and 110 to 50 mm Hg in these 
two patients. Aortic valve insufficiency grade II 
was produced in both. 
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Figure 3 Individual values for mitral valve area before and after dilatation in 53 
patients. All patients were dilated with the same 18 + 20 mm twin Mansfield balloon. 
Two age groups (range five years) were compared. The achieved enlargement of the 


mitral valoe area was higher 


in younger patients and in those with a pliable valve. 
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COMPLICATIONS 

There were two procedural deaths. One patient 
died of cerebral embolism and one of left 
coronary artery embolism. Cerebral embolism 
occurred in five further patients, only one of 
whom recovered completely. In all seven 
patients with embolic complications the trans- 
thoracic echocardiography had given incon- 
clusive findings due to inadequate echogenicity, 
and transoesophageal echocardiography was 
not available at that time. Immediate surgery 
was needed in three patients because of acute 
severe mitral insufficiency, and at operation a 
tear in the anterior mitral leaflet was found in all 
of them. Four patients with post procedural 
grade ITI mitral insufficiency were discharged 
in a stable clinical condition. The left ven- 
tricular apex was perforated in one patient 
because the balloon was advanced too rapidly 
through the left ventricle. After pericardiocen- 
tesis and successful dilatation of the valve the 
perforation site had to be sutured surgically. 
Oximetry and opacification of the left atrium 
showed no left to right shunting after the 
dilatation in any of the 294 patients. 

Vascular surgical intervention on the femoral 
artery was needed in seven patients (femoral 
artery intimal flap in three, bleeding at the 
puncture site in two, a clot in one, and a 
haematoma in one patient). Surgical interven- 
tion was sucessful in all seven patients and 
there were no chronic circulatory sequelae. 


RESULTS AT FOLLOW UP 

At one to three months after operation echocar- 
diography confirmed poor results in 14 patients, 
whose symptoms remained unchanged. A 
review of the cineangiograms and video tapes of 
the procedures showed that in 11 of 14 patients 
the balloon had not been properly stabilised 
during inflation and the valve had not been 
dilated. Six of these patients underwent sur- 
gery. Commissural splitting was not found in 
any of them. In the other five patients balloon 
dilatation was repeated. These 14 patients were 
treated in the early part of our experience when 
simultaneous injection of contrast into the left 
atrium was not performed. 

Two patients died (two and 11 months after 
operation). One of these patients had 
developed mitral regurgitation of grade II 
severity, and the other had no complication 
related to the operation. 

Elective surgery was needed in three out of 
four patients with grade III mitral regurgita- 
tion. Surgery was performed at one year, 18 
months, and two years after balloon dilatation. 
In two of these patients a tear in the anterior 
mitral leaflet was found and in the third the 
mitral annulus was dilated (perhaps as a result 
of overdilatation with 2 x 20 mm balloons). 
One patient was operated on because of a left 
atrial thrombus at two years, and one because 
of mitral endocarditis three months after 
balloon dilatation. 

Restenosis (loss of more than 50% of the 
increase in valve area), as assessed by repeat 
catheterisation, was found in seven patients 
between six months and two years of follow up. 
Three had surgery and four had repeat balloon 
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Figure 4 Mitral valve area as determined by cross sectional echocardiography before, 
(Pre dil) immediately after (Imm post), and one to five years after balloon dilatation of 


the mitral valve. 
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dilatation of the valve. In 19 patients atrial 
fibrillation was converted to sinus rhythm four 
to 15 (mean 5 (SD 4)) months after dilatation. 

The cardiothoracic ratio decreased after the 
first six months from 0-5 (0-09) to 0-46 (0-1) 
(p < 0-05) in 210 patients and did not change 
further during follow up. Peripheral systemic 
emboli occurred in four patients during follow 
up but these had no serious sequelae. Cross. 
sectional echocardiography showed persistence 
of the achieved mitral valve area during follow 
up (fig 4). Symptoms improved in most patients 
during the five year period after balloon dilata- 
tion (fig 5). By three years after operation four 
patients returned to New York Heart Associa- 
tion class IV. Three of them underwent mitral 
valve replacement and one mitral and aortic 
valve replacement. 


Discussion 

This study reports our experience with trans- 
arterial balloon dilatation of the mitral valve in 
294 patients, most of whom were young and 
had a favourable valve anatomy. The proce- 
dural mortality of 0:7%, 23% incidence of 
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Figure 5 Changes of New York Heart Association functional classes after balloon 
dilatation of the mitral valve over a five year period. 
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severe mitral regurgitation, and 2% incidence 
of embolism were similar figures to those repor- 
ted after a transvenous approach.” '* With the 
advent of transoesophageal echoradiography, 
which became available in our hospital only in 
1991, the risk of embolism should decrease 
because of better detection of atrial thrombi. 
There was local injury of the femoral artery in 
2% of our patients. This complication is 
specific to the transarterial approach and it is 
regarded as the major disadvantage of this 
technique. 

The atrial septum may be damaged after 
balloon dilatation of the mitral valve. Although 
there have been reports that significant left to 
right shunting leads to an acquired Lutem- 
bacher syndrome,” ** it is generally considered 
that these shunts are of little haemodynamic 
importance. Left to right shunting was found 
in 62% of patients immediately after transven- 
ous balloon dilatation with two balloons and in 
48% of patients at six months after the 
procedure.” After the Inoue mitral balloon 
procedure left to right shunting, as detected by 
Doppler colour flow imaging, was found in 15% 
of patients immediately after and in 4% of 
patients one year after the procedure. With 
the transarterial approach the balloon does not 
cross the atrial septum and damage to the 
septum is minimised. We found no evidence of 
left to right shunting in any of our 294 patients 
by oximetry. Petrossian et al calculated the 
mitral valve area after transvenous balloon 
dilatation of the mitral valve in 13 patients 
before and after occlusion of the septal hole 
with a balloon.'® The calculated area was larger 
before than after occlusion. Even when 
oximetry does not show important shunting the 
calculated area after transvenous balloon 
dilatation of the mitral valve may overestimate 
the real area because of the atrial communica- 
tion. This finding may mean that some reported 
data on transvenous balloon dilatation of the 
mitral valve may not be accurate because the 
calculation was done without the occlusion of 
the atrial septal hole. 

The transarterial approach aids stabilisation 
of the ballons at the valve orifice during dilata- 
tion. Also simultaneous opacification of the left 
atrium monitors the events during the balloon 
inflation and avoids the false impression of valve 
dilatation that may occur when a resistant 
orifice causes ejection of the balloons from the 
orifice. 

The major advantages of the transarterial 
approach are avoidance of injury to the atrial 
septum and good positioning of the balloon at 
the orifice. The Inoue balloon dilatation sys- 
tem, however, offers similar advantages and is 
easier to perform. The Inoue procedure must 
be compared with the transarterial approach to 
judge which technique is better. 

Most of our patients experienced a symp- 
tomatic improvement that was maintained over 
the follow up period of-up to five years. The 
results of this study support the use of balloon 
dilatation of the mitral valve for patients with 
mitral stenosis and pliant valves. 

We thank Professor Brian C Morton MD from the University of 


Ottawa Heart Institute for reviewing this paper and Ms Roxanne 
Prud’Homme for secretarial assistance. 
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Peripartum cardiomyopathy with recovery in a 
patient with coincidental Eisenmenger ventricular 


septal defect 


Celia M Oakley, Petros Nihoyannopoulos 


Abstract 

Severe pulmonary vascular disease was 
found during pregnancy in a 31 year old 
woman with a large ventricular septal 
defect. Three months after delivery 
peripartum cardiomyopathy with severe 


biventricular failure developed. This was- 


a chance association. Recovery of 
ventricular function was slow but was 
complete two years later. There was no 
advance in the pulmonary vascular 
disease. 


Case report 

A 31 year old Indian woman was found to have 
a systolic murmur in the antenatal clinic during 
the tenth week of her first pregnancy. She gave 
no cardiac history and did not report any 
limitation of exercise capacity. She was 
referred to the cardiology clinic where she was 
found to be acyanotic with normal venous 
pressure, right ventricular heave, pulmonary 
ejection click, and loud “single”? second 
sound—signs of pulmonary hypertension 
associated with a large ventricular septal defect. 
The absence of cyanosis implied that the shunt 
was dominantly left to right. Chest x ray 
showed that her heart was only slightly 
increased by enlargement of the right atrium 
and of the proximal pulmonary arteries (fig 
1A). The electrocardiogram showed sinus 
rhythm with right axis deviation and right 
ventricular hypertrophy. Cross sectional and 
Doppler echocardiography showed a large 
subaortic ventricular septal defect with 
obligatory pulmonary hypertension at systemic 
level. Both the left and right ventricles showed 
normal function; neither was enlarged (fig 2). 
There was little evidence of flow and no 
turbulence across the ventricular septal defect. 
Despite some concern about the risk to the 
mother of accelerating pulmonary vascular 
disease, her pregnancy proceeded uneventfully 
except for the development of pregnancy 
diabetes needing insulin. She had a haemop- 
tysis at 35 weeks attributed to the pulmonary 
hypertension (“pulmonary apoplexy”). At that 
time oximetry showed 95% saturation, her 
arterial PO, was 11-0 kPa and the chest x ray 
was Clear. A healthy female infant weighing 
2:8 kg was delivered by elective lower segment 
caesarean section at 37 weeks. There were no 
complications. She was well on discharge and 
the physical signs were unchanged. 


She remained well for three months after 
delivery but then became increasingly short of 
breath with cyanosis and swelling of her legs 
and hands. Physical examination showed new 
intense central and peripheral cyanosis. The 
blood pressure was 80/60 mmHg, her jugular 
venous pressure was raised at 8 cm and she had 
developed an apical third heart sound with a 
loud pansystolic murmur at the left sternal 
edge and apex attributed to atrioventricular 
valve regurgitation. Her chest x ray showed 
that her heart had become enlarged (fig 1B). 
There was now a right ventricular “‘strain”’ 
pattern on the electrocardiogram with T inver- 
sion. Her echocardiogram showed new global 
impairment of right and left ventricular func- 
tion (fig 2). At cardiac catheterisation (table) 
there was bidirectional but predominantly 
right to left shunting at ventricular level (Qp/ 
Qs = 0-76: 1) with equal left and right ven- 
tricular pressures and pulmonary hypertension 
at the systemic level. After inhalation of a high 
inspired oxygen content for ten minutes there 
was a shift to predominantly left to right 
shunting with a rise in aortic saturation from 75 
to 89% (Qp/Qs = 1:17: 1), implying a degree 
of reactivity of the pulmonary vascular bed. 
Angiography confirmed the large ventricular: 
septal defect. There was severe global impair- 
ment of right and left ventricular function. Her 
coronary arteries were normal. Three biopsy 
specimens were taken of the left ventricle. 
Histological examination (including electron 
microscopy) showed no recognisable abnor- 
mality. Viral studies and tests for autoanti- 
bodies were negative and thyroid function and 
vanillyl mandelic acids were normal. 

Peripartum cardiomyopathy was diagnosed. 
Despite treatment with digoxin, diuretics, and 
captopril her condition remained unchanged’ 
and she was referred and accepted for heart- 
lung transplantation. Immunosuppressive 
treatment was not used.’ In the months that 
followed a retinal vein thrombosis with secon- 
dary glaucoma developed and warfarin treat- 
ment was started. She continued to be hypoten- 
sive with low output failure, raised venous 
pressure, and tricuspid regurgitation and was 
unable to do any housework or look after her 
child. She was seen frequently in the clinic and 
it was not until a year after the birth that she 
began to improve. This improvement was 
confirmed by serial chest x ray (fig 1) and 
echocardiography (fig 2). Over the course of 
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Figure 1 Chest 
radiographs taken when 
she was first seen during 
pregnancy (A), after onset 
of heart failure (B), and 
after recovery (C). A and 
C show an only slightly 
enlarged heart with 
evidence of severe 
pulmonary hypertension 
but little evidence of left to 
right shunt. B shows gross 
cardiomegaly. 





14.11.86 


41/25 
FS (%) 49 13 39 


LVd/s (mm) 45/23 48/42 


Figure 2. Serial M mode echocardiographic recordings showing good left and right 
ventricular function on 14 November 1986 but greatly reduced biventricular function on 
23 July 1987 with some dilatation. The record of 18 May 1990 showed that ventricular 
function had recovered. The hypertrophied right ventricle is best seen in the first two 
records. LV, left ventricular end diastolic(d) and end systolic(s) dimensions; FS, 
fractional shortening. 








more than a further year her left and right 
ventricular size and function returned to their 
former state, she is again acyanotic and active 
with only mild dyspnoea and looking after her 
family and helping at the playschool to which 
she takes her daughter. She has been taken off 
the waiting list for heart-lung transplantation 


Discussion 
This 31 year old woman was found to have 
a ventricular septal defect with a near- 
Eisenmenger’s syndrome during pregnancy. 
She continued the pregnancy and did well. 
Three months after delivery profound conges- 
tive heart failure developed and she became 
cyanotic. Heart failure is not a feature of an 
Eisenmenger ventricular septal defect because 
the right ventricle has grown and developed at 
systemic pressure and any potential rise in its 
systolic or diastolic pressure is immediately 
dissipated by shunting across the large ven- 
tricular septal defect. Myocardial failure 1s 
therefore not part of the course. Consequently, 
we believe that in our patient deterioration in 
biventricular function was caused by the 
development of a peripartum cardiomyopathy 
and was not associated with the ventricular 
septal defect and pulmonary hypertension. 
Peripartum cardiomyopathy was first des- 
cribed by Ritchie in 1849.° The diagnosis is 
made when heart failure develops in the last 
month of pregnancy or in the first five postnatal 
months in the absence of a confirmed aetiology 
or of demonstrable heart disease before the last 
month of pregnancy.’ * The aetiology is unclear 
but it is probably immunological. Biopsy 
specimens taken early in the course of the 
disease have sometimes shown inflammatory 
changes suggesting a viral or autoimmune 
mechanism.'*’ Poor nutrition has been sugges- 
ted’ though most women affected are well 
nourished. Pre-eclampsia was seen in a dis- 
proportionate number of pregnancies, and the 
very high incidence of heart failure in pregnant 
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Data from cardiac catheterisation after onset of heart failure 


Pulmonary artery 


Aorta 
OP:OS 


Pressures (mm Hg) O, sat (%) After O, 
20 41 55 
a 57 67 
24 — 
110 86 53-62 64 
55 
10 90 76-75 89 
70 
0-76:1 1-17:1 


QP:QS = pulmonary:stystemic flow ratio. 


women in parts of Nigeria related to a diet very 
high in sodium® suggests another mechanism. 
Demakis and Rahimtoola reported that in 82% 
of patients symptoms developed in the first 
three postpartum months and in 7% in the last 
month of pregnancy.‘ Forty eight per cent were 
over 30 years old and 71% of patients were in 
their third or subsequent pregnancies. Seven 
per cent of cases involved twin pregnancies 
(seven times the expected rate). Some claim 
that the prognosis is very poor if the heart has 
not returned to'its normal size six months after 
the diagnosis;’ but this has not been our 
experience. As our case shows, recovery may 
start later and take as long as two years. The 
outlook for subsequent pregnancies depends 
on whether the heart returned to normal after 
the first episode;’ the condition does not always 
recur in subsequent pregnancies if recovery has 
been complete. 

Our patient was unusual in having coin- 
cidental severe congenital heart disease to 
which the heart failure could not be attributed. 


Oakley, Nihoyannopoulos 


She was also unusual in remaining in heart 
failure (New York Heart Association Class III- 
IV) for a year postpartum before she started to 
improve and then recovering her pre-preg- 
nancy cardiovascular status in the subsequent 
year. The development of central cyanosis after 
the onset of heart failure can be explained by a 
greater admixture of venous blood during the 
period of low output failure. If cyanosis had 
been caused only by an increase in pulmonary 
vascular resistance associated with the preg- 
nancy then, as in the natural history of an 
Eisenmenger ventricular septal defect, she 
would have gone blue but not into heart failure, 
nor would recovery of her former state have 
been expected. 

She has been advised against further preg- 
nancies and sterilisation has been performed. 
She may still need heart/lung transplantation if 
progressive pulmonary vascular disease 


develops. 
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Continuity equation and Gorlin formula 
compared with directly observed orifice area in 
native and prosthetic aortic valves 


John B Chambers, David C Sprigings, Thomas Cochrane, John Allen, Richard Morris, 


Martin M Black, Graham Jackson 


Abstract 

Orifice areas calculated by the continuity 
and Gorlin equations have been shown to 
correlate well in vivo. The continuity 
equation, however, gives underestimates 
compared with the Gorlin formula and it 
is not clear which is the more accurate. 
Both equations have therefore been tes- 
ted against maximal orifice area 
measured by planimetry in eight 
prepared native aortic valves and four 
bioprostheses. A computer controlled, 
ventricular flow simulator (cycled at 70 
beats/min) was used at five different 
stroke volumes that gave cardiac outputs 
of 2:8 to 7-0 l/min. The mean difference 
between measured and estimated orifice 
area was zero for the continuity equation, 
but —0:14 cm’ for the convential Gorlin 
formula. Thus the Gorlin formula tended 
to give overestimates compared with both 
measured area and area estimated by the 
continuity equation, probably because of 
the effect of pressure recovery. When 
predictive equations derived from these 
data were tested, residual standard devia- 
tions were around 03 cm’ at all stroke 
volumes for the continuity equation, 
around 0:2 cm’ for the invasive Gorlin 
formula, and between 0-2 and 0:4 cm’ for 
the modified Gorlin formula. These 
results suggest that estimates of orifice 
area in an individual valve as judged by 
any of the equations tested should be seen 
as a guide to rather than as a precise 
measure of actual orific area. 


Pressure drop across an aortic valve depends on 
both transaortic flow and orifice area and is not 
on its own an adequate measure of stenosis. A 
better assessment of valve function can be 
obtained with flow-corrected estimated orifice 
area as found by, for example, the Gorlin for- 
mula.'* Recent work, however, has explored 
the application of the continuity equation, 
which is more suited to non-invasive studies.*” 
The continuity equation assumes that volume 
flow on either side of an obstruction is the same. 
A change in flow affects both sides equally so 
that the ratio of the two is independent of flow. 


For the aortic valve, effective orifice area can be 
calculated as the product of subaortic to aortic 
flow velocity.°* Though good correlations have 
been shown between orifice area estimates by 
the continuity equation and the Gorlin for- 
mula, results from the continuity equation are 
usually lower? © It is not known which 
equation is limited or whether both are. 

We have therefore tested both the continuity 
equation and the Gorlin formula in native and 
bioprosthetic aortic valves mounted in a flow 
simulator, with directly observed orifice area as 
an independent standard. 


Methods 

VALVES 

Eight native valves and four prostheses were 
tested. The latter comprised two unimplanted 
Mitroflow bovine pericardial prostheses 
(Mitral Medical, Canada), annulus diameters 
23 mm and 25 mm, and two explanted Carpen- 
tier-Edwards prostheses (American Edwards 
Laboratories, Baxter Healthcare, Santa Ana, 
CA, USA), diameter 23 mm. One Carpentier- 
Edwards prosthesis had been clinically normal 
(CE1) and the other was mildly stenotic and 
regurgitant (CE2).Two of the native valves 
were significantly stenotic, one bicuspid 
(explant 6), and the other tricuspid (explant 7). 
Two native valves were mildly stenotic 
(explants 3 and 8) and the other four were 
normal. The explanted native valves were 
excised attached to a cuff of aorta 3-5 cm long 
within six hours of death. All valves were stored 
at 4°C for one to eight weeks in a preservative 
solution containing fungicide and antibiotics. 
The explanted native valves were sewn on to a 
Teflon ring covered with brushed polyester 
and the aortic root was supported externally by 
aluminium stents fixed to each coronary sinus 
with epoxy resin (fig 1). After tests the valves 
were radiographed and the degree of calcifica- 
tion estimated semiquantitatively (table 1).° 


APPARATUS 

A positive displacement ventricular flow 
simulator controlled by computer was used. 
This was similar to the system described in 
detail elsewhere,’ but was modified by the 
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Figure 1 Preparation of 
an explanted aortic root 
and valve. The stenotic 
tricuspid native aortic 
valve (explant 7) is shown 
in profile (A) and front 
view (B). A mounting 
ring covered with teflon 
fabric has been sewn to the 
base of the aortic valve 
and three shaped 
aluminium stents fixed to 
the outside of the coronary 
sinuses with epoxy resins 
and a single stitch at the 
top of each stent. 
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Table 1 Degree of calcification and subaortic area 


Degree of Subaortic area 
calcification (emè) 
Native valves explant: 
l 0 38 
2 0 3-5 
3 + 42 
4 0 45 
5 0 2-8 
6 thes 34 
7 +++ 6:2 
8 ++ 4-2 
Prosthetic valves: 
CEI 0 45 
CE2 4 45 
Mitrofilow 23 mm 0 45 
Mitroflow 25 mm 0 45 


addition of an electromagnetic flowmeter 
placed 290 mm downstream from the sewing 
ring and by a removable aortic root (fig 2) 
which allowed easy insertion of the aortic 
valves. A copper tubular holder with an 
ultrasound pencil probe was inserted into a 
port in the end of the aortic section. 

The system was filled with 121 of normal 
saline seeded with 5 ml Sephadex. We used 
quasiphysiological drive waveform to give 
Doppler waveforms similar to those obtained 
in vivo (fig 3). A cycle rate of 70 beats/min and 
stroke volumes of 40, 55, 70, 85, and 100 ml 
were set with a constant systolic ejection time of 
280 ms to give cardiac outputs of 2-8-7-0 l/min 
(mean transaortic flow 167-417 ml/s). For the 
first four native valves only stroke volumes of 


40, 70, and 100 ml were used. The extra stroke 
volumes were included in subsequent tests to 
increase the number of data points. Transaortic 
flow was measured with an aortic electromag- 
netic flowmeter and pressure drop by strain 
gauge pressure transducers (Type 3EA Gael- 
tec, Dunvegan, Isle of Skye, UK) positioned 
25mm upstream and 100mm downstream 
from the aortic prosthesis. Opening of the cusp 
was recorded by a video camera positioned 
perpendicularly to the plane of the valve. 
Strong foreground lighting maximised the con- 
trast. Pressure drop, electromagnetic flow- 
meter measurements, continuous wave Dop- 
pler measurements, and video recordings of 
valve opening were made simultaneously 
before a second Doppler probe was inserted for 
separate recording of subvalvar velocity. 
Doppler recordings were made with a Ving- 
med SD 50 Doppler system (Vingmed, Oslo, 
Norway). Aortic flow immediately distal to the 
valve orifice was recorded with continuous 
wave Doppler from an angled 1-9 MHz Pedof 
probe. This was held at an angle of about 20° to 
the long axis of the aorta and then adjusted 
until the optimal signal was obtained (fig 2). An 
angle correction was not applied to the aortic 
velocity measurements. This introduced an 
underestimation in velocity of about 6% (cos 
20°). Subaortic flow was recorded by a 5 MHz 
in line probe. The tip of the probe was 
positioned in the centre of the artificial aortic 
section 3 cm downstream from the valve cusps 
in their closed position and protruded 2 cm 
beyond the end of the tubular holder (fig 2). We 
recorded subaortic flow by pulsed mode with 
the sample volume set at minimum length and 
placed within the ventricular chamber 1-0 cm 
from the mid-plane of the valve mounting ring. 


THEORETICAL ASSUMPTIONS 

If waveform configuration is assumed to be 
similar in the aorta and left ventricular outflow 
tract, the continuity equation based on the law 
of conservation of mass can be written: 

A,=A, X v/V: (equation 1) 
where A, is subaortic cross sectional area and 
A, maximal aortic orifice area in cm’, v, is peak 
subaortic velocity, and v, is peak aortic velocity 
in m/s. 

The Gorlin formula for invasive use is' *: 


A, = Q/(44-3 x mAP*) (equation 2) 


where Q is mean transaortic flow in ml/s and 
mAP is the mean pressure drop in mm Hg. The 
correction constant, 44:3, may not be univer- 
sally applicable so the formula was generalised 
to the expression: 
A,2Q/mAP* (equation 3) 
In previous in vitro experiments with mitral 
bioprostheses, we showed an improvement in 
the correlation between measured and 
estimated orifice area when peak transvalvar 
velocity recorded by Doppler ultrasound was 
substituted for root mean pressure drop." 
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Figure2 Diagram of the ventricular outflow region and aortic root of the Sheffield flow 

simulator. From the continuity equation, estimated aortic valve orifice area = A, X v, |v. 

A,, subaortic cross sectional area ( cm’); P., site of aortic pressure measurement; P., site 

of ventricular pressure measurement; T,,, Pedof 1-9 MHz angled probe to record aortic 

flow Ts, 5 MHz pencil probe within a copper holder to record subaortic flow at the point 

of ee of the subaortic area; v,, subaortic velocity (m/s); v, aortic velocity 
m/s). 


Figure 3 Ultrasound 
recordings. Both 
recordings were made at 
stroke volume 70 ml, cycle 
rate 70 beats/min in the 
Carpentier-Edwards 
bioprosthesis (CE1). 
Figure 3A shows subaortic 
velocity recorded with a 

5 MHz pencil probe in 
pulsed Doppler mode with 
the sample volume set at 

1 cm below the cusps in 
their closed position. 
Figure 3B shows aortic 
velocity recorded with a 
1-9 MHz Pedof probe. 
Peak velocity was taken, 
as shown, from the best fit 
line through four 
complexes. 





Therefore, in the present study, we also tested a 
similar modification: 


A,a2Q/Vmax (equation 4) 


where V max is peak transaortic velocity in m/s. 


DATA ANALYSIS AND STATISTICS 

The ultrasound signals were analysed manually 
and peak transaortic and subaortic velocities 
taken from the line of best fit through four 
cycles (fig 3). Transaortic flow was measured 
every five ms by electromagnetic flowmeter and 
mean systolic flow was calculated. The video 
tape of cusp opening was monitored on an 
echocardiographic system (Hewlett Packard 
77020A) and maximum orifice area was 
measured by planimetry using online analysis 
software (fig 4). The coefficients of variation for 
measurements of orifice area were calculated 
over 54 cycles at seven (13%) of the data points. 


They ranged from 0-7 to 6:0% with a median of 


1-:0%. Orifice measurements were corrected for 
magnification by a factor calculated from the 
known area of the valve mounting rings. 





Figure 4 Maximal orifice in a Carpentier-Edwards 
aortic prosthesis. The frame was recorded at stroke 
volume 70 ml, cycle rate 70 beats/min in the valve CE! 
The white dots are points used to measure directly 
observed orifice area from a digitised video image by 
means of the online software of an ultrasound system 

( Hewlett-Packard 77020A). 


In some valves the sewing fabric enroached 
into the left ventricular outflow tract. Subaortic 
cross sectional area was, therefore, calculated 
by planimetry of video recordings of the intlow 
aspect of the mounted valves. To check the 
reliability of fluid velocity measurements 
recorded by Doppler ultrasound, they were 
compared with the peak pressure drop by 
means of the simplified Bernoulli relation 
assuming negligible subaortic velocity’’ (peak 
pressure drop (mm Hg) x Vmax’ where Vmax 
is peak transaortic velocity in m/s. The correla- 
tion between pressure drop and the square of 
peak velocity was good (r=0-96, SD... 63; 
y=4-7 + 3-1x) (fig 5). 

Agreement between measured and cal- 
culated orifice areas was expressed by calculat- 
ing the mean and 95% confidence intervals 
(95% CIs) for the differences between paired 
values. Because 12 different valves were tested 
at five different stroke volumes, analysis of 
variance for repeated measurements was per- 
formed with valve and stroke volume as factors. 
Prediction equations and residual standard 
deviations (SDs) were calculated for each 
stroke volume. 


Peak pressure drop (mm Hg) 
N 
n 


50 . PN 
a a i r= 0-96 
25 awoke p< 0-00001 
BY tea y= 4:7+3-1% 





0 10 20 30 40 50 
Vmax? (m?s?) 


Figure 5 Plot of peak pressure drop against the square 
of peak transaortic velocity. 
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Figure6 Plot of 

maximal orifice area 

against flow. Data points 

from all eight native and 

ae our ie aortic 
es are included 


Figure 7 Maximal orifice 
areas, These were recorded 
in three native explants 
(one normal (explant 5), 
one mildly calcified 
(explant 3) and one 
heavily calcified (explant 
7), a Carpentier- ards 
bioprosthesis (CE1), and 

a Mitroflow bovine 
pericardial prosthesis 
(MF 25) ). Orifice areas 
are shown at no flow then 
at stroke volumes of 40, 

70, and 100 ml witha 
cycle rate of 70 beats|min. 
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Results 

CUSP BEHAVIOUR 

Measured orifice area was directly i to 
flow in all valves (fig 6) and the shape of the 
orifice varied with the type of prosthesis or the 
aetiology of the aortic stenosis (fig 7). Subaortic 
velocity was directly related to stroke volume 


(fig 8). 


CONTINUITY EQUATION 
The overall mean difference between measured 
orifice area and area estimated by the continuity 
equation (equation 1) was 0-00 cm?. After we 
allowed for the effect of the 12 different valves, 
the difference was dependent on stroke volume 
(F x =8:49, p<0-005). Mean difference at 
stroke volumes of 40, 55, 70, 85, and 100 ml 
were — 0:13, — 0:10, 0:05, — 0-01, and 0°16 cm? 
respectively. Thus the continuity equation ten- 
ded to give underestimates at higher and 
overestimates at lower stroke volumes. 


GORLIN FORMULA 

The overall mean difference between measured 
orifice area and area estimated with the conven- 
tional Gorlin formula, (equation 2) was 
—0-14cm?. Mean differences at stroke 
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Figure 8 Plot of peak subaortic velocity agan mean 
systolic flow. 


volumes of 40, 55, 70, 85, and 100 mi were 0:04, 
—0:15, — 0:09, —0-18, and — 0-33 cm’. Thus 
the Gorlin formula tended to overestimate 
measured orifice area especially at higher stroke 
volumes. 


EMPIRICAL PREDICTION OF MEASURED ORIFICE 
AREA 
Figures 9 and 10 show plots of measured orifice 
area against equations 1, 3, and 4. Table 2 gives 
the prediction equations calculated from these 
data for each stroke volume. Residual SD was 
about 0:3 cm? for the continuity equation, 
about 0:2 cm? for the invasive Gorlin formula, 
and between 0-2 and 0-4 cm? for the modified 
Gorlin formula. Figure 11 shows the differen- 
ces between measured and calculated orifice 
area compared with stroke volume. The inter- 
cepts but ‘not the slopes varied. significantly 
between stroke volumes. When prediction 
equations were fitted for all stroke volumes, 
combined, the modified Gorlin formula had the 
smallest residual SD (equation 4). 

The empirical invasively based formula 
derived from our data was: 


A, = Q/(52-6 x mAP*) (equation 5) 


The use of the convential constant, 44:3, would 
therefore have led to overestimation of orifice 
area by a factor of 1-18 in all valves considered 
together. The factor varied between 0-85 
and 1-32 when calculated for each valve 
individually. 


1 2 
Area by continuity equation (cm ô 





Figure 9 Continuity equation: measured orifice area 
compared with area estimated ao the continuity equation. 


The line of identity ts shown 


Continuity equation and Gorlin formula compared with directly observed orifice area in native and prosthetic aortic valves 197 


Figure 10 The Gorlin 
relation. (A} The 
invasively derived relation 
(equation 3). (B) The 
Gorlin relation modified 
Jor use with ultrasound 
(equation 4). 


Measured orifice area (om*) 
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Table 2 Comparison of regression lines fitted to predict measured orifice area at different 
stroke volumes using three equations (residual SD) 





Stroke volumes (ml) 








40 55 70 85 100 
{n = 12) {n = 8} (n = 12) fn = 8) {n = 12) 
Continuity equation (equation! ) 
0-1 + 0-78x —0-4 + 12x 0-2 + 086x — 0-06 + 103x 0-23 + 095x 
(0:29) (0-29) (0-29) (0-25) (0-27) 
Invasive Gorlin generalisation (equation 3) 
— 0:3 + 003x —0-2 + 0-02x —~0-1+4+002x  -—— 0-02 + 0-02x 0-3 + 002x 
(0:25) (0-21 (0-18) (0-15) (0-19) 
Modified Gorlin generalisation (equation 4) 
-— 04 + 002x —O-5 + 0-02x —04+4+002x — 03 + 002x — 0-2 + 0-02x 
(0-20) (0-36) (0-28) (0-33) (0-30) 
Discussion 


Several studies have compared estimates of 
orifice area by the Gorlin and continuity equa- 
tions in the clinical situation. These have 


shown good correlations in routine studies’**’ or 


before and after balloon dilatation,’ but the 
continuity equation has tended to give an 
underestimate compared with the Gorlin equa- 
tion. In the present study, the conventional 
Gorlin formula (equation 2) overestimated 
orifice area, when compared with measured 
area, whereas the continuity equation gave a 
mean difference of zero. Thus in previously 
published studies it is likely that overestimates 
were given by the Gorlin formula rather than 
underestimates by the continuity equation. 


SOURCES OF ERROR IN THE GORLIN FORMULA 

The most important cause for systematic 
overestimation of orifice area by the Gorlin 
formula is likely to have been neglect of pres- 
sure recovery. Because fluid loses momentum 
beyond an orifice, kinetic energy is converted to 
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Figure 11 Differences between measured (MOA) and 
estimated orifice area. Values are grouped by strake 
volume for the contuinity equation (A) and invasive 
Gorlin formula (fig 11B). 


pressure energy. Static pressure increases and 
ultimately approaches its prestenotic value, 
although complete recovery is limited as a 
result of changes in chamber geometry and 
because some energy is lost through tur- 
bulence.’* In our system, the pressure trans- 
ducer was located 100 mm downstream from 
the annulus of the valves at a point where 
pressure recovery would have been complete. 
The situation in clinical practice is similar 
because a fluid filled catheter must be 
positioned beyond the point where “whip” 
artefact makes pressure recordings unreliable. 
Underestimation of the transaortic pressure 
drop is accentuated when femoral artery pres- 
sure rather than aortic pressure is measured.’ 
Other possible sources of error are the 
difference in density between blood and 
physiological saline (although by a factor of 
only 1-05), the use of root mean pressure drop 
instead of the mean of root pressure drop, and 
changes in the correction constant at extremes 
of flow,” 

Our results differ from those of Segal er al 
who showed that the Gorlin formula tended to 
underestimate compared with the continuity 
equation. In that study the pressure trans- 
ducer was placed close to the orifice so that 
pressure recovery would have been small. 
Underestimation could have been caused 


- mainly by a fall in discharge coefficient (this 


implies an increase in pressure drop as a result 
of viscous friction) at Reynold’s numbers 
below a critical value. This value was shown to 
be directly related to orifice area and in that 


Chambers, Sprigings, Cochrane, Allen, Morris, Black, Jackson 


experiment areas up to 4-5 cm? were used; these 
were larger than in the present study. 

The average overestimation of orifice area 
calculated from our regression equation was 
1-2. Correction factors calculated for individual 
valves, however, ranged from 0-9 to 1-3. Hence 
variability in estimated orifice area was 
increased by the use of an average value. Other 
workers have also shown that discharge 
coefficients vary between valves and depend on 
the geometry and area of the orifice.” '* The 
same problem would affect the accuracy of the 
Gorlin formula in the clinical situation. 


SOURCES OF ERROR IN THE CONTINUITY EQUATION 
The continuity equation is not limited by the 
effect of pressure recovery because velocity can 
be measured in line with flow, and peak instan- 
taneous velocity can be assumed to have been 
recorded at the point of maximum pressure 
drop. Thus in the present study the mean 
difference between estimated and measured 
orifice area was zero. 

Residual SDs were around 0-3 cm?, which 
means that orifice area may be predicted to 
within 0-6 cm? for 95% of individual readings. 
The equation tended to underestimate at high 
and overestimate at low stroke volumes. These 
discrepancies are difficult to explain. The cause 
of overestimation may have been erroneously 


low peak transvalvar velocity measurements, - 


although the fact that the relation between peak 
pressure drop and peak instantaneous velocity 
did not. vary significantly makes this unlikely. 
Underestimation could theoretically be caused 
by erroneously low subaortic velocities alth- 
ough these seemed to change consistently with 
flow in each prosthesis (fig 8). Possibly changes 
in stroke volume caused differences in convec- 
tive flow acceleration in the subaortic region,” 
while.the position of the pulsed wave sample 
volume remained fixed. 


VALIDITY OF MEASURED ORIFICE AREA 

The validity of directly observed orifice area as a 
reference standard depends on three factors: 
the accuracy of its calculation, whether max- 
imal area is more appropriate than mean area, 
and on the relation between hydrodynamic and 
anatomical orifice area. 

There may have been small errors in 
measurement where the edges of the orifice 
were irregular. This, however, was only a 
potential problem in three valves (explants 6 
and 8 and CE 2). The image used for plan- 
imetry, furthermore, was magnified so that any 
errors were reduced by a factor of about 40; this 
made them insignificant. 

Effective area calculated by the Gorlin for- 
mula uses the square root of mean pressure 
drop. This is unlikely to have caused major 
inconsistencies because normal native aortic 
valves open and close quickly, within approx- 
imately 30 ms, and therefore remain at max- 
imum area through most of systole.’* Also, the 
use of peak transaortic velocity, which occurs at 
the same time as maximum orifice area, in the 
modified Gorlin formula did not improve the 
correlation with actual orifice area. 


Anatomical orifice area measured by plan- 
imetry may differ from effective hydrodynamic 
orifice area in some circumstances. In stenotic 
valves flow lines continue to converge beyond 
the orifice as far as the vena contracta. At this 
point the pressure drop will be greater than at 
the orifice and the hydrodynamic orifice area 
will be correspondingly smaller than the 
measured orifice area. Normally functioning 
bioprostheses behave as nozzles. They do not 
develop a vena contracta but have mechanical 
energy losses that depend on the shape of the 
nozzle. These increase the transvalvar pressure 
drop so that, again, effective orifice area is 
smaller than orifice area measured by plan- 
imetry.’® Thus, in general, effective orifice area 
is expected to be'slightly smaller than measured 
orifice area although the Gorlin formula con- 
tains constants intended to correct for this 
difference. 

Measured orifice area as used in this study is 
not a perfect reference standard. The errors in 
its measurement are, however, small and alth- 
ough differences in valve shape and behaviour 
may have contributed to inconsistencies bet- 
ween anatomical and hydrodynamic orifice 
area, this effect is not expected to have been 
large. 


LIMITATIONS 

In the Sheffield flow simulator, the volume flow 
rate is constrained but the pressure that can be 
developed within the ventricle is not limited. 
The left ventricular outflow tract and aortic root 
have a shape similar to that of the real heart, but 
are rigid. Thus although physiological 


_ waveforms, peripheral compliance, and peri- 


pheral resistance are modelled to first order, the 
simulator is not a perfect representation of the 
real heart. The native valves were mounted in a 
rigid annulus by means of a sewing ring and 
aluminium stents and their behaviour may have 
differed in detail from native valves in vivo. 
The presence of the ultrasound probe holder 
should not have introduced errors as it was 
used solely for recording subaortic velocity. 
Although its presence may have caused flow 
acceleration, this would have begun about 
6 cm downstream from the point of velocity 
measurement. Orifice area and peak aortic 


velocity measurements were made with the 


holder removed. The angle subtended between 
the probe and the axis of the aorta would have 
caused an underestimation of flow velocity and 
therefore an overestimation of orifice area of 
about 6%. 

Despite the artificial nature of the model, the 
wide tolerance limits for paired values in this 
study almost certainly reflect clinical reality. 
Thus in the study of Oh et al, 27% of patients 
had discrepancies between the continuity equa- 
tion and Gorlin formula in the diagnosis of 
aortic valves with effective areas of less than 
0:75 cm?” Standard errors of the estimate for 
the comparison between the Gorlin formula 
and continuity equation in published studies 
range from 0-16 to 0-40.° °° In the present study 
standard errors were around 0-01 for compar- 
isons between estimated and measured orifice 
area. 


CLINICAL RELEVANCE 

An orifice area estimate has relatively wide CIs 
so that it should not be used alone in making 
clinical decisions. ‘Thus Kennedy ez al studied 
patients with aortic stenosis, which was defined 
as moderate solely on the basis of an orifice area 
estimate of between 0-7 and 1:2 cm? from the 
Gorlin formula.” The fact that 82% had symp- 
toms and the four year prognosis was poor 
suggests that the degree of stenosis may have 
been underestimated. A balanced judgement 
about the degree of disease has to be made 
based on numerous criteria including the clin- 
ical assessment, the state of the left ventricle, 
and the transvalvar velocity as well as the 
estimated orifice area. 


CONCLUSION 

In this study, the empirically derived Gorlin 
constant was higher than the conventional term 
probably because of the effect of pressure 
recovery. The regression line of the continuity 
equation for measured orifice area against 
estimated orifice area was close to the line of 
identity. When compared in a population of 
valves, therefore, the conventional Gorlin for- 
mula is expected to overestimate and the con- 
tinuity equation to be similar to measured 
orifice area. The 95% Cis of either the 
empirically derived Gorlin formula or the 
continuity equation were wide. This suggests 
that both formulas should be regarded as 
providing a semiquantitative guide rather than 
a precise measure of orifice area. l 
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Abstract 
The uptake of invasive cardiolagical tae 


vestigation and cardiopulmonary bypass 


., procedures by the North West. Surrey: 


Health District was audited over: the 


years 1979-88. Growth was almost’ con- 


tinuous throughout the ten year period. 2 
‘The. need within the district. each’ year : 
for coronary angiography seemed to'be ` 
‘within thè. National Health Service -or the 


between 111 and. 171 ‘and: for’ surgical 


= revascularisation of the myocardium - 
between: 63: and 96 procedures; the first 
figure is the -mean of the second quin- 
quénnial period (1984-88) and the second | 
' figure the total for 1988. After correction 
for the standardised mortality ratio and. 
. catchment area, the national. require- 
. ment. should lie. between 690 ‘and ‘1070 


coronary angiograms” and. 390‘ and ‘600 
coronary: artery. bypass graft operations 


per million population. each year. There - 


is a further. national requirement for 70 
valvar heart operations” and | 30° niis- 


© cellaneous ` ' procedures... per million 


population. each year. Owing to delays in 


the provision of services, 20 patients died 


of a cardiovascular, cause while they 


, „were on the waiting list for investigation 


St Peter’s Hospital, __ 


Chertsey, Surrey KT 16 OPZ. 


“Accepted for publication ` 
il ee 1991 


or: surgery. In the United ‘Kingdom the 


annual target. to be achieved by 1990 was 


te 300 coronary artery bypass. eee 
_ per million population. 


There is a widely held consensus ‘about -the . 
need for information in the medical. special- 

' ities upon which to base. planning for health 
care provision, » ‘but there are few objective | 
- data available. In cardiology: this is despite 


well-defined end points. Our unit has pre- 
viously reported on its. uptake of invasive 
cardiological services and projections . were 
made towards the United Kingdom national 
requirement.? Between 1979 and. 1984 a sig- 
nificant increase in uptake of resource was 


‘demonstrated, a.trend that has continued. 


This .report, while containing some of the 


earlier data, relates tothe substantially expan- . 


ded data base which now covers the yeu 


1979 to 1988 inclusive. 


Patients and methods 


St Peter’s. Hospital, Chertsey, is the district 


hospital serving the North West Surrey Health 
District (South West Thames Regional Health 


Authority). The’ mean population of the dis- 


. Conditions 


i Need iai invasive cardiological assessment and. 
intervention: a ten year review : 


a i N i i y ee t i oae Dyani ' i Fa mele tote ae 
C A MacRae, M S Marber, Charlotte Reood, M Joy.. . 


af 
4 


trict i the ten year. “study. ‘period was 


' 205 000; there- was a skew in- social distribu- . 


tiom towards’ classes Fand, and a. younger 


than average. age distribution. The standar- 
` dised mortality ratio for: ischaemic:hearť edis- 
ease {ICD 410-414) for the district was 0-78 
and for valvar heart disease: ‘(ECD-393-398) it 
-was 1:02.” 


. Patienis. from’ the health..district (whether 


private sector). requiring invasive cardiological 


assessment or. investigation Or. both are refer- 


audits (1983; 1986) indicated-that. feferral of 


“in distriċčť™ patients made by other means 


was closely’ matched by ` Cross boundary: inflow 


- of. patients from without the district..Informa- 


tion’ on’ demography; symptoms, medication, 


- non-invasive . assessment, and the date -and 
“outcome of. invasive investigation or interven- 
‘tion on patients’ referred is-récorded on ‘an 
ongoing data base. 


" “Ischaemic heart- disease” in this study in- 


cludes < chronic stable angina, the acute coron- 
“ary. syndromes; : ‘atypical chest pain requiring 
“angiography, and. heart failure secondary to 


coronary artery disease. with or without non- 


rheumatic mitral valve regurgitation. ““Valvar 
-heart . disease” includes isolated aortic valve 
disease with or without çoronary artery dis~ 


éase, chronic rheumatic heart disease affecting 
at least one heart -valve;~and* mitral leaflet 
prolapse ` requiring irivestigation/surgety. 
falling outside ~ these. broad 
categories are grouped together as “other”. 
Symptoms Are” classified. according - to the 
New York -Heart ‘Association’ criteria.‘ 
Invasive data are recordedas reported by the.. 
investigating cardiologist at the regional car- 


. diac “centre; with the severity; number, and 


site of coronary artery stenoses being noted — 
and classified according :to the European trial 
criteria.’ The presence:or ‘absence of left ven- 
tricular impairment .at angiography is recor- 
ded. All deaths including’ those.of patients on 
the waiting. lists,° at- operation, or. up: to 28 
days after operation are recorded and the 
cause established. l 

The ‘indications for. referral for~invasive 
investigation are influenced - to some,extent by_ 


. patient age. ‘Over the-ten-. year study period 


there was ‘a trend ‘to’operate on increasingly — 
older patients, which reflects the improved 
outcome and appreciation of the considerable 
symptomatic benefit that revascularisation 
may bring in the older patient.” In-addition, 
the initial enthusiasm for: sea intervention 
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to improve prognosis was tempered during 
this period which also saw the emergence of 
improved pharmacological agents.® It is the 
policy within the unit for all patients with 
stable angina pectoris to have a symptom 
limited exercise electrocardiogram unless 
there is some absolute contraindication.’ 
Medical treatment is considered to have failed 
if patients still have New York Heart Associa- 
tion grade II symptoms of angina while being 
treated with at least two of the three major 
groups of pharmacological agents available in 
adequate dosage.” Aspirin was normally given 
from 1985 onwards. 

Patients who need investigation of unstable 
angina (NYHA grade IV) are referred directly 
to a regional centre usually after not less than 
48 hours of administration of antianginal 
agents including a # adrenoceptor blocking 
agent, intravenous nitrates, and heparin or 
aspirin or both. If patients with a very low 
threshold for symptoms have electrocardio- 
graphic changes on submaximal exercise they 
may be transferred for invasive investigation. 
It is departmental policy that after suspected 
or proven myocardial infarction ail patients 
aged less than 60 have symptom limited exer- 
cise electrocardiography. Most patients aged 
> 60 but < 65 as well as selected older 
patients with no upper age limit are also 
investigated unless there is a contraindication. 


- Results 


Figure 1 shows the total number of patients 
referred by the district unit for invasive inves- 
tigation and intervention during the period 


-anp + +e 1979-88. There was a sustained growth in the 


number of patients referred for investigation of 
ischaemic heart disease, which was paralleled 


Coronary angiography 


$ Coronary artery 
bypass grafting 


_ Valvar investigation 
Oo Valve replacement 


1984 1988 1988 1990 


Year 


Figure 1 Growth in referral of patients for cardiac cathetertsation, coronary 
angiography, valvar surgery, and coronary artery bypass grafting over the ten years 
1979-88, 
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by the numbers undergoing subsequent coron- 
ary artery bypass grafting. The downturn in 
1984-85 coincided with a change in main 
referral centre from St Thomas’s Hospital, 
Lambeth, to St George’s Hospital, Tooting. 

Of 823 patients referred with suspected 
ischaemic heart disease, 11 were never inves- 
tigated (refused, died), 31 were reclassified on 
account of other cardiac abnormalities (valvar 
heart disease, transplantation, malignant 
rhythm disturbance, conducting tissue disease) 
and of the 781 remaining, 495 (63-4%) sub- 
sequently underwent coronary artery bypass 
grafting and 40 (5:1%) percutaneous trans- 
luminal coronary angioplasty. The mean age of 
patients referred for coronary artery bypass 
grafting increased during the study period (fig 
2). The ratio of males to females fell from 
approximately 6:1 to 4-5:1 in the second half of 
the study period. Of patients referred, 15-9% 
had unstable symptoms and this included 
patients referred for routine investigation in 
whom symptoms subsequently became un- 
stable. Symptoms were still significant in over 
three quarters of all patients (NYHA grade I, 
16%; grade II/III, 68%; grade IV, 16%) 
despite treatment. Previous myocardial infarc- 
tion had been documented in 46% of all 
patients and 49% were shown to have an 
abnormal] left ventriculogram. 

Six patients died while they were on the 
waiting list for angiography (table 1). All had 
NYHA grade II/III angina. There were nine 
cardiac deaths in patients on the waiting list for 
bypass grafting (table 2). All but one were 
known to have both triple vessel disease and 
impaired left ventricular function. These 
figures do not include two deaths that occurred 
within 24 hours of angiography or four non- 
cardiac deaths. The distribution of coronary 
disease according to the European Coronary 
Surgery study critera was: nil significant, 30; 
single vessel, 163; two vessel, 206; three vessel, 
355; and left main stem, 27. The operative 
mortality for coronary artery surgery fell from 
6:5% in the first five years to 2-0% in the second 
five years. 

The mean age of patients undergoing sur- 
gery for valvar heart disease rose slightly dur- 
ing the study period to 64-6 years. There was no 
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Figure 2 Mean (SEM) age of patients undergoing 

surgery during the years 1979-88. 
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Table! Length of time on watting list (WL) for 
investigation and severity of angina in those who died 
while on the waiting list 





Case Time (days) on WL NYHA grade 
1 28 Ill 

2 30 III 

3 56 HI 

4 63 iit 

5 120 II 

6 180 II 





Table 2 Length of time on waiting list (WL) for 
surgery and severity of disease in those who died while on 
_ the waiting list 


Case Time (days) on WL Disease extent 

l 28 3VD Impaired LV 
2 29 ZVD Normal LY 
3 50 3VD Impaired LV 
4 55 3VD Impaired LV 
5 160 3VD Impaired LV 
6 208 3VD Impaired LV 
7 260 3VD Impaired LV 
8 291 3VD Impaired LV 
9 400 3VD Impaired LV 





3VD, three vessel disease; LV, left ventricle. 


difference in representation of the sexes. Of 177 
patients referred for investigation, 139 (78-5%) 
subsequently underwent surgery. Aortic valve 
disease was present in 88 patients (49-7%) and: 
15 of these had coexistent coronary artery 
disease requiring grafting. The overall opera- 
tive mortality for valvar surgery was 43%. 
There was one death among patients on the 
waiting list for investigation. Two patients, 
both with severe aortic stenosis, died within 24 
hours of cardiac catheterisation and there were 
three cardiac deaths on the surgical waiting list. 
Of 184 permanent pacemaker units implan- 
ted, 94-6% were ventricular demand systems. 
The waiting time to unit implantation for 
symptomatic complete atrioventricular block 
rose from a mean (SEM) of 2-6 (0-5) days in 
1982 to 47-5 (12:0) days in 1988. One patient on 
the waiting list for permanent pacing died. 
Table 3 shows the patients referred for 
miscellaneous procedures. The numbers in 
each category are too small for further analysis. 


Discussion 

There is a consensus on the assessment of 
prognosis of ischaemic heart disease,'' on the 
role of invasive investigation,'* and on the part 
played by revascularisation of the myocardium 
and its management.'?'* Symptoms of angina 
that do not respond to medical treatment and a 
high risk of myocardial ischaemic events 
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demand angiography. Surgical revascularisa- 
tion may improve both the symptoms and the 
prognosis in certain patterns of disease,” alth- 
ough the benefits of surgery may not be long 
lasting.’ A sixth of all our referred patients had 
Unstable angina, and a further two thirds had 
grade II/III symptoms while receiving treat- 
ment. Left main stem and three or two vessel 
coronary artery disease was present in three 
quarters of all patients investigated. 

There was an almost continuous growth in 
the uptake of invasive cardiological services 
over the ten year period 1979-88 in North West 
Surrey, which has shown no sign of abating. 
The downturn in patient referral in 1984-85 
that coincided with the change in referral 
centre reflected to some extent re-evaluation of 
the benefits of surgical intervention in terms of 
prognosis. In the five years 1984—88 the mean 
(SEM) number of patients referred for coron- 
ary angiography and surgical revascularisation 
of the myocardium was 110-0 (22-7) and 62-8 
(13-6) respectively. After adjustment for the 
catchment population, this represents a mean 
of 540 and 306 procedures per million popula- 
tion a year respectively. In 1988 the district 
uptake was 171 coronary angiographic and 96 
coronary artery bypass procedures (830 and 
470 respectively per million population a year). 
In sharp contrast valvar investigation, and 
intervention remained constant throughout the 
ten year period, with a mean annual 
requirement for 18 investigations and 14 valvar 
operations (88 and 70 per million population) 
respectively. ; 

But North West Surrey has a lower than 
average death rate from coronary heart dis- 
ease.’ By taking into account the standardised 
mortality ratios for the health district for 


_ischaemic heart disease (0-78) and for valvar 


heart disease (1-0), we projected the national 
need by dividing the district population 
requirement by the mortality ratios. Based on 
our experience, therefore, there appears to be a 
national annual requirement for at least 690 
coronary angiographic procedures and 390 
coronary artery bypass procedures per million 
population, the valvar figure remaining un- 
modified. Because the numbers are tending to 
rise, this is likely to be an underestimate. If one 
were to rely on the 1988 experience alone, then 
the relevant figures would be 1070 coronary 
angiographic procedures and 600 coronary 


artery bypass procedures per million-popu- 


lation per annum. The number of patients 
undergoing percutaneous transluminal angio- 
plasty was too small for such analysis. 

In the United Kingdom, in 1986 the 


Table 3 Miscellaneous procedures in patients referred to the regional cardiac centre 1979-88 
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1979 1980 
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Procedure 


EPS 
Cardiomyopathy 
Transplant 
Congenital 

Aortic dissection 
Pulmonary embolism 
Pericardial 
Permanent pacing 
Total 
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EPS, electrophysiological study. 


1983 1984 1985 1986 1987 1988 Total 

3 2 0 5 5 2 25 

2 3 I 2 2 I 17 

0 4) 0 1 0 4 5 

0 I 1 9 ł I 13 

0 0 1 0 0 i 7 

0 0 0 0 0 4 

l I 0 ł 1 0 7 
18 13 18 32 22 35 187 
24 21 21 4l 31 44 265 
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Secretary of State announced an annual target 
of 300 coronary artery bypass graft operations 
per million population in England by 1990 
from within planned resources.' This target 
compares unfavourably with Australia (600) 
and the United States of America (1000),' 
where the incidence of coronary artery disease 
is roughly similar. We have previously com- 
mented that this target appears to be a serious 
underestimate unless our experience is un- 
representative and this seems unlikely from our 
analysis of the pattern of disease encountered. 
The demonstrated shortfall in available care 
has consequences in economic terms and in 
terms of morbidity and of mortality for those 
patients who are not privately insured. In 
the North West Surrey Health District there 
appears to be a two tier system with unaccept- 
able and increasing delays in the public sector.° 
This may be attributed to inadequate provision 
related to funding in this sector. 

Resources are finite but it is to be hoped that 
the demonstrated need will permit fairer and 
more objective decision making in terms of 
health care policy.” 


1 National Audit Office. National Health Service: coronary 
heart disease. London: HMSO, 1989. 
2 Cripps T, Dennis MS, Joy M. The need for invasive 
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3 Office of Population Censuses and Surveys. Mortality statis- 
tics: cause. London: HMSO, 1987. 

4 Criteria Committee, New York Heart Association. Diseases 
of heart and blood vessels. Nomenclature and criteria for 
diagnosis. 6th ed. New York: Little Brown, 1964, 

5 European Coronary Surgery Study Group. Longterm by- 
pass results of prospective randomised study of coronary 
artery surgery in stable angina pectoris. Lancer 1982; 
i1:1 173-80. 

6 Marber M, MacRae CA, Joy M. Delay to invasive investiga- 
tion and revascularisation fer coronary heart disease in 
South West Thames Region. A two tier system? BAG) 
1991:302:1189-91. 

7 Loop FD, Lytle BW, Cosgrove DM, er al. Coronary artery 
bypass graft surgery in the elderly. Indications and 
outcome. Cleve Chin J Med 1988;5$:23—4. 

8 Calif RM, Havell FE, Lee KL, et al. The evolution of 
medical and surgical therapy for coronary artery disease. A 
fifteen year perspective. JAMZ A 1989:261:2071-86, 

9 Bonow RO, Kent KM, Rosing DR, er al. Exercise-induced 
ischemia in mildly symptomatic patients with coronary 
artery disease and preserved left ventricular function. 
Identification at risk of death during medical therapy. 
N Engi J Med 1984;311:1339-45, 

10 Tobins M, Weir EK, Chester E, et al. “Maximal” drug 
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pectoris. / Am Coll Cardiol 1984;3:1051-8. 

11 Rutherford JE, Braunwald E. The selection of patients for 
the surgical treatment of coronary artery disease. O J Med 
1988;67:369-85, 

12 Goldschlager N, Seltzer A, Conn K. Treadmill tests as 
indicators of presence and severity of coronary artery 
disease. Ann Intern Med 1976:85:277-86. 

13 Coronary Artery Surgery Study (CASS). A randomised trial 
of coronary artery bypass surgery. Circulation 1983; 
68:939-—50. 

14 Varnauskas E. European Coronary Study Group, Twelve 
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15 Working for patients. Medical audit: working paper ó, 
London: HMSO, 1989. 





LETTERS TO 
THE EDITOR 


@ The British Heart Journal welcomes letters 
commenting on papers that it has published 
within the past six months. 


@ All letters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 words. 


@ In general, no letter should contain more 
than six references (also typed with double 
spacing ). 


Balloon dilatation of supravalvar pul- 
monary stenosis after arterial switch 
procedure for complete transposition 


SIR;—I read with interest the article by 
Saxena et al on balloon dilatation of 
supravalvar pulmonary stenosis that 
developed after previous anatomical correc- 
tion of transposition of the great arteries.' 
They described the results of eight balloon 
dilatations in five children. In none of the 
dilatations was there any improvement in the 
pressure gradient across the area of obstruc- 
tion nor was there any significant angiogra- 
phic change. Yet they went on to apply 
balloon angioplasty in five patients and in 
addition repeated the procedure in three 
children. As they state, the residual obstruc- 
tion seems to be related to shrinkage and 
retraction of the pericardial patch used in the 
enlargement of neopulmonary artery at the 
time of initial surgery. There is no theoretical 
basis why such lesions would respond to 
balloon dilatation. Zeevi et al’s observations 
were also similar when there was diffuse 
narrowing of the pulmonary artery.’ I have 
also used balloon dilatation of supravalvar 
pulmonary stenosis that developed after a 
previous arterial switch procedure.’ There 
was excellent haemodynamic (fig 1) and 
angiographic (fig 2) improvement; however, 
the obstruction in my case was discrete (fig 
1A) and there is theoretical reason for balloon 
dilatation to be effective discrete obstructions 
such as this. 

I urge Saxena ez al and others not to use 
balloon angioplasty if obstructive lesions of 
the pulmonary artery in children are diffuse, 
those described by Saxena and Zeevi.' Dis- 
crete lesions, however, can be dilated. 


P SYAMASUNDAR RAO 

Division of Pediatric Cardiology, 

University of Wisconsin Medical School, 
University of Wisconsin Children’s Hospital, 
Madison, WI 53792-0001, USA 


l Saxena A, Fong LV, Ogilvie BC, Keeton BR. 
Use of balloon dilatation to treat supravalvar 
pulmonary stenosis developing after anatomic 
correction for complete transposition. Br 
Heart J 1990;64:151-5, 

2 Zeevi B, Keane JF, Perry SB, Lock JE. Balloon 
dilatation of postoperative right ventricular 
outflow obstructions. J Am Coll Cardiol 
1989;14:401-8. 

3 Rao PS. Balloon angioplasty and valvuloplasty 
in infants, children and adolescents. Curr 
Probl Cardiol 1989;14:417-500. 
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Figure | Pressure pullback tracings across the supravalvar stenosis showing a significant pressure 
gradient (A) that diminished considerably after balloon dilatation (B ). Aortic pressure is also 


shown in B. Ao, aorta; DPA, distal pulmonary artery; PPA,,. 


proxtmal pulmonary artery. 


Reproduced with permission from the author and publisher: Rao PS. Curr Probl Cardiol 


1989;14:417-S00. 


This letter was shown to the authors, who reply 
as follows: 

Str,—Dr Rao has misinterpreted the nature 
of the stenotic lesions of the supravalvar 
pulmonary area that we attempted to dilate 
after the arterial switch procedure. The 
angiographic appearances of the cases, 
showed a stenotic segment that seemed to be 
localised to a short segment in the proximal 
pulmonary artery which was considerably 
narrower than the distal pulmonary arterial 
segment. The distal pulmonary artery may 
have looked smaller than expected, but it was 
comparable to the more distal pulmonary 
arterial tree, except where a further localised 
stenosis occurred. It was this short segment 
of proximal supravalvar pulmonary stenosis 
or discrete bifurcation stenosis that respon- 
ded poorly to balloon dilatation. The 
segments appeared amenable to balloon 
dilatation, as judged by angiography, and did 
not assume the appearance of diffuse narrow- 
ing that Dr Rao has described. It was con- 
cluded that these short localised segments 
that responded poorly to balloon dilatation 
should not be described as a discrete stenosis, 
as their appearance suggested, because they 
responded like short segments with hypo- 
plasia with both an intrinsic and post-surgical 
aetiology. We agree with Dr Rao that diffuse 
hypoplasia would not be amenable to balloon 
dilatation. Progress in developing effective 
treatment for such stenotic lesions comes not 
only from knowledge of successful trials, but 


also from unsuccessful attempts, as 
anticipated by the use of endovascular stents 
for congenital heart disease.’ 


L V FONG 

Department of Cardiology, 
Royal Children’s Hospital, 
Flemington oad, 
Parkville, Victoria, 3052, 
Melbourne, Australia 


l Saxena A, Fong LV, Ogilvie BC, Keeton BR. 
Use of balloon dilatation to treat supravalvar 
pulmonary stenosis developing after 
anatomical correction for complete transposi- 
tion. Br Heart J 1990;64:151-5. 

2 O’Laughlin MP, Perry SB, Lock JE, Mullins 
CE. Use of endovascular stents in congenital 
heart disease. Circulation 1991 ;83:1923-—39, 


Balloon atrial septostomy via the 
umbilical vein 


S1r,—We wish to point out that the “prac- 
ticability of cannulation via the umbilical 
vein”' was first reported by us as an alter- 
native to the femoral route for balloon atrial 
septostomy over two decades ago.’ Several 
centres have adopted the method and have 
confirmed the usefulness and advantages of 
this approach.*” One report was published in 
the British Heart Journal in 1974° with similar 
conclusions to ours. The incorporation of 
echocardiographic imaging makes the 
umbilical route even more attractive. We 
highlighted the fact that transumbilical sep- 
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Figure 2 Cineangiographic frames from lateral views of pulmonary arteriograms showing 
supravalvar pulmonary stenosis (arrow) after an arterial switch operation (A) that improved 
considerably after angioplasty (B). Reproduced with permission from the author and publisher : 


Rao PS. Curr Probl Cardiol 1989;4:417-5S00. 


tostomy was not only less time-consuming 
but spared the femoral vein for possible 
future studies. At the time dissection of the 
inguinal fossa for balloon septostomies was 
much more common than transcutaneous 
catheterisations in the neonate. 


EDWARD G ABINADER 
Heart Institute and CCU, 
Bnat Zion Medical Center, 
Technion Medical Faculty, 
Haifa, Israel 


| Ashfaq M, Houston AB, Gnanapragasam JP, 
Lilley S, Murtagh EP. Balloon atrial septo- 
stomy under echocardiographic control: six 
years’ experience and evaluation of the prac- 
ticability of cannulation via the umbilical vein. 
Br Heart J 1991;65:148—51. 

2 Abinader E, Zeltzer M, Riss E. Transumbilical 
atrial septostomy in the newborn. Am J Dis 
Child 1970;119:354—6. 

3 Romney D, Katzuni E, Aygen MM. Transum- 


bilical balloon atrial septostomy in a case of 
transposition of the great vessels with situs 
inversus totalis. Jsr J Med Sci 1972;8:529-31. 

4 Newfeld EA, Purcell C, Paul MH, Cole RB, 
Muster AJ. Transumbilical balloon atrial sep- 
tostomy in 16 infants with transposition of 
thye great arteries. Pediatrics 1974;54:495-7. 

5 Roguin N, Sujov P, Montag J, Zeltzer M, Riss 
E. Transumbilical balloon atrial septostomy 
for transposition of the great arteries in infants 
under the age of 60 hours. Am Heart J 1984; 
107:174—6. 

6 Kaye HH, Tynan M. Balloon atrial septostomy 
via the umbilical vein. Br Heart J 1974; 
36: 1040-2. 


Sir,—The report of balloon atrial septostomy 
under echocardiographic control by Ashfaq 
et al makes interesting reading but certain 
points need to be clarified before recommen- 
ding it as a procedure of choice. 


On the basis of the size of the atrial septal 
defect they created (as seen on echocardiogra- 
phic image or by colour flow mapping) Ash 
faq et al claim that the procedure was success- 
ful. However, though they believe that such a 
defect can be “accurately measured” on 
echocardiography, they do not give the values 
(mean (SD)) of the defect size or flow jet 
width. In another study adequately palliated 
neonates had a post-septostomy interatrial 
defect of at least 12 mm in diameter as 
measured angiographically’ or later at sur 
gery or necropsy. In most of the previous 
series, satisfactory early improvement after 
atrial septostomy has been defined as either 
an increase in oxygen saturation ot greater 
than 10% with reduction in interatrial mean 
pressure gradient to less than 2 mm or arterial 
saturations of greater than 50-75%.° Satisfac 
tory late improvement has been defined as 
survival to six months with oxygen saturation 
at 60% or higher.’ It is surprising that none of 
these indices are mentioned in the results 
though Ashfaq er al call their procedure “100 
per cent successful”. It is possible that these 
indices were not measured when the 
procedure was performed as an emergency 
measure. But Ashfaq er al do not give a break 
down of the number of procedures performed 
in an equipped catheterisation laboratory 
compared with those performed elsewhere or 
in the ward side room. The size of the post- 
septostomy inter-atrial defect can be 
measured only approximately by echocar- 
diography.* We were able to image a flapping 
torn septum primum as an indication of an 
adequate septostomy. Because there are so 
few data on the features and limitations of 
echocardiography and colour flow mapping 
in evaluating the adequacy of post-septo- 
stomy interatrial defects, we expected that 
Ashfaq et al would have clarified these before 
drawing conclusions and inferences. At least 
the echocardiographic size of the defect could 
have been compared with the actual 
measurement at necropsy in the two patients 
who died. 

Ashfaq et al seem to exaggerate the com- 
plications related to fluoroscopically guided 
septostomy by quoting a single reference 
dating back to 1970 that describes 26 cases.’ 
In a more recent series of 43 infants with d- 
transposition of the great arteries studied 
over five years, fluoroscopy guided balloon 
atrial septostomy was not associated with any 
deaths or mechanical complications.’ 
Moreover, though they do not state the 
average procedure time, Ashfaq er al presume 
that the echoguided procedure is less time- 
consuming. 

Thus balloon atrial septostomy 
echocardiographic guidance could be recom- 
mended during emergencies or in the cath- 
eterisation laboratory for facilitating the 
balloon positioning, especially in cases with 
cardiac malposition, but until our questions 
are answered it should not be advocated as a 
better alternative to fluoroscopy 

PRAFULLA G KERKAR 
BHARAT V DALVI 
Department of Cardiology, 


King Edward VII Memorial Hospital, 
Parel, Bombay 400 012, India 


under 


1 Baker F, Baker L, Zoltun R, Zuberbuhler JR 
Effectiveness of the Rashkind procedure in 
transposition of the great arteries in infants 
Circulation 1971 ;43-—44 (suppl 1):1—6. 

2 Powell TG, Dewey M, West CR, Arnold R. Fate 
of infants with transposition of the great 
arteries in relation to balloon atrial septo 
stomy. Br Heart J 1984;51:371-6 

3 Henry CG, Goldring D, Hartman AF, Weldon 
CS, Strauss AW. Treatment of d-transposi 
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tion of the great arteries: management of 
hypoxemia after balloon atrial septostomy. 
Am J Cardiol 1981;47:299-306. 

4 Allan LD, Leanage R, Wainwright R, Joseph 
MC, Tynan M. Balloon atrial septostomy 
under two dimensional echocardiographic 
control. Br Heart J 1982;47:41-3. 

5 Venables AW. Balloon atrial septostomy m 
complete transposition of great arteries in 
infancy. Br Heart J 1970;32:61-5. 


These letters were shown to the authors, who 
reply as follows: 

Sin,—We agree entirely with Dr Abinader’s 
comments. Neither the use of ultrasound 
imaging nor the umbilical vein route are new 
techniques for the performance of an atrial 
septostomy and in our paper we did not 
intend to suggest that this was the case. The 
initial intention was to review our experience 
with the efficacy of ultrasound imaging. In 
most centres the umbilical route has not been 
used routinely in the past because of difficulty 
in catheter manipulation where a full cath- 
eterisation is necessary to establish the diag- 
nosis. Catheterisation is now necessary only 
for the performance of a septostomy and the 
umbilical route is ideal for this. We thought it 
appropriate to add our experience of the use 
of the umbilical route pioneered by Abinader 
et al because we were aware that many centres 
still did not use it. 

We referred in some detail to the different 
workers who have commented on the 
ultrasound technique, which has become 
popular only in recent years. The use of the 
umbilical vein technique has been known for 
over 20 years and indeed it was described 
in 1985 in a major textbook on paediatric 
cardiology to which we referred.’ We thus 
considered it was not necessary to refer in 
detail to the initial reports on this, and we 
agree it would have been appropriate to quote 
the early paper on the subject. 

We would like to take the opportunity of 
stating that we are no longer sure of the 
accuracy of the comment that the ultrasound 
image is of little value in the manipulation of 
the catheter. In a newborn the heart was only 
entered after the image had been used to 
ensure that the catheter was inserted with the 
bend aligned in a posterior and inferior 
direction and then, at the appropriate point as 
determined from the image, it was turned 
through a 180° angle to pass through the 
ductus venosus and into the inferior vena cava 
and thence the heart. 

Drs Kerkar and Dalvi question the validity 
of our supposition that a septostomy per- 
formed under ultrasound is as effective as one 
performed under fluoroscopy. Ours was a 
retrospective study and the size of the defect 
was not measured routinely. As their letter 
points out the “success” of a septostomy is 
difficult to define and there is more to it than 
simply the size of the defect. Because elective 
arterial switch procedures are performed 
within the first weeks of life data on long-term 
follow up can no longer be obtained. None of 
our patients required “emergency” surgery 
but in some prostaglandin therapy was con- 
tinued or started after septostomy. The com- 
ment that “the size . . . showed the procedure 
was successful”? was made on the basis of 
seeing a tear, a flapping septum, and an 
increase in the size of the defect. If the 
criticism is related to the use of ultrasound I 
cannot accept that there is any reason that the 
result could be different because the actual 
technique of pulling the catheter is no 
different with ultrasound or screening. We 
have not compared the results of using the 
umbilical and femoral routes but both have 


been accepted techniques for years. The 
facilities of a catheterisation laboratory are 
not needed for septostomy under ultrasound 
screening. In our paper we stated that for 10 
months the ward side room was used when 
catheterisation facilities were unavailable; 
thereafter we have used the catheterisation 
laboratory routinely simply as a matter of 
convenience to the nursing staff; the x ray 
imaging facilities are not used. Where neces- 
sary septostomy is undertaken in the ward, 
intensive therapy unit, or maternity hospital. 
The location is simply a matter of personal 
choice and hospital routine and again I cannot 
suppose that there is any reason that the result 
would be different for ultrasound and fluoro- 
scopy. . 

I accept that in experienced hands the risk 
of mitral damage is almost negligible—but 
reports attest to the fact that damage does 
occur with fluoroscopy. I am unaware of this 
happening with ultrasound screening. In 
addition I accept that there should be little 
difference in the time of the procedure 
whether ultrasound or fluoroscopy is used. In 
the past there might have been a potential 
delay in obtaining the services of a radiogra- 
pher or access to a catheterisation laboratory 
in an emergency, but this is now of less 
concern because the infant can be maintained 
on prostaglandins and the septostomy per- 
formed at a convenient time. 

Thus I agree with some of Drs Kerkar and 
Dalvi’s comments but I disagree with the 
conclusion to their letter. In our centre the 
simplicity and convenience of ultrasound 
quickly made it the technique of choice. A 
preference for ultrasound or fluoroscopy may 
simply be a matter of personal choice, 
experience with ultrasound, and the hospital 
facilities available. However, my colleagues 
and I firmly believe that it is correct to 
advocate ultrasound as a more convenient and 
better imaging technique than fluoroscopy. 


ALAN HOUSTON 
Royal Hospital for Sick Children, 
Yorkhill, Glasgow G3 8SJ 


1 Cardiac catheterisation and angiocardiography. 
In: Anderson RH, i FJ, Shine- 
bourne EA, Tynan M, Pasdiatrie cardiology. 
Edinburgh, London, Melbourne, New York: 
Churchill Livingstone, 1987:372. 


Cardiac catheterisation with 5 French 
catheters 


Sir,—In his letter commenting on the use of 
5F catheters for coronary angiography, Dr 


Raphael calls for further randomised studies . 


to compare the latest 5F catheters with con- 
ventional: 7F catheters (British Heart Journal 
1991;66:114). He and your readers may be 
interested to know that such a trial was 
undertaken in Bristol using the types of 5F 
catheter available in 1988 and 1989.' The full 
results of this trial are due to be published 
soon in the International Journal of Cardiac 
Imaging; however, the main message of the 
trial was that the 5F catheters available at that 
time proved extremely unsatisfactory for 
coronary angiography and could not be 
recommended for routine use. Catheter 
design has progressed rapidly, or at least so 
we are told by the catheter manufacturers. It 
may be that the time is now right for a further 
randomised study to compare the current 
generation of 5F catheters with conventional 
catheters. Such a study will need to include 
not only subjective assessments of catheter 
performance but will also need to document 
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objective measures of catheter performance 

such as procedure time, injection pressures, 
and incidence of significant complications. 

GEORGE G HARTNELL 

Department of Radiology, 

New England Deaconess Hospital, 

185 Pilgrim Road, 

Boston, Massachusetts 02215, 

USA 


1 Brown E, Morris K, Wild RPH, Hartnell GG. 
Limitations in the performance of 5-F coron- 
ary catheters in routine angiography [abs- 
tract]. Clin Radiol 1989;40:648. 


Genesis of Still’s 
murmur 


innocent systolic 


Siz,~-The recent publication of the paper on 
Still’s innocent systolic murmur’ prompted 
queries about who Still was and whether 
Still’s disease commemorates the same 
individual. 

George Frederic Still was indeed the 
author of early descriptions of both condi- 
tions. His personal history has been elegantly 
described by Hamilton.” Still was educated at 
Caius College, Cambridge, qualified in 
medicine at Guy’s Hospital in 1893 and, after 
posts at the Hospital for Sick Children, Great 
Ormond Street, was appointed to the first 
chair of paediatrics in London, at King’s 
College Hospital, in 1906. His publications 
included five books and 108 papers,’ among 
the earliest being his classic description of the 
form of chronic arthritis in childhood that 
bears his name.* 

In his book Common Disorders and Diseases 
of Childhood the innocent systolic murmur is 
referred to as a ‘physiological bruit”? which 
must be differentiated from the “sometimes 
musical character of murmurs occurring in 
bacterial endocarditis”. He describes the 
innocent murmur in these terms: “It is heard 
usually just below the level of the nipple, and 
about half way between the left margin of the 
sternum and the vertical nipple line; it is not 
heard in the axilla nor behind; it is systolic 
and is often so small that only a careful 
observer would detect it; moreover, it is very 
variable in audibility...; its characteristic 
feature is a twanging sound, very like that 
made by twanging a piece of tense string”. 
This description remains accurate and auth- 
Oritative to this day. 

HYAM S JOFFE 

Cardiology Department, 

Bristol Reyal Children’s Hospital, 
St Michaels Hill, 

Bristol BS2 8BJ 


1 Gardiner HM, Joffe HS. Genesis of Still’s 
murmurs: 2 controlled Doppler echocar- 
diographic study. Br Heart J 1991;66:217-20. 

2H ton EBD. George Frederic Still Ann 
Rheum Dis 19863;45:1—5. 

3 Franklin AW. A handlise of the writings of 

Frederic Stll. Arch Dis Child 1941; 
16:154-5. 

4 Still GF. On a form of chronic joint disease in 
children. Med-Chir Trans 1897;80:47—59. 

5 Still GF. Common disorders and diseases of 
childhood. 3rd ed. London: Oxford Univer- 
sity Press, 1920:495. 


Is cardiac rehabilitation necessary? 


Sir,—Precise identification of the specific 
needs of individual coronary patients for 
rehabilitative care and precise recommenda- 
tions regarding the components of this care 
will enable precise assessment of the out- 
comes of these interventions. 

The occurrence of a coronary event and/or 
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the performance of a myocardial revascular- 
isation procedure (percutaneous transluminal 
coronary angioplasty or coronary artery 
bypass grafting) indicates that advanced 
- coronary atherosclerosis is present. Provision 
of optimal care for these coronary patients in 
"the 1990s includes identification of the 
specific needs of that individual patient for 


the prescriptive exercise training and educa- , 


ton and counselling to help to remedy the 
disease. Recommendations for rehabilitative 
care may include a structured supervised 
program, exercise at home or unsupervised 
exercise, counselling by physicians and/or 
other health professionals, or the use of 
contemporary technological aids such as 
videotapes to guide home exercise or com- 
puter-interactive educational programs to 
provide information and counselling.’ 
Exercise training as prescription rather than 
proscription is often the point of entry to 
rehabilitative care that facilitates adoption of 
health-related behaviours. 

Education and counselling involve not only 
the provision of information but also training 
in the skills needed to improve health-related 
behaviours, practising these skills, and rein- 
forcement of successful changes in coronary 
risk status. Appropriate provision of cardiac 
(coronary) rehabilitation includes selection of 
the relevant components and the method of 
delivery for an individual patient, definition 
of the desired outcome, and delineation of the 
time frame in which this outcome is expected 
to occur. 

Exercise training, daid to decrease 
activity-induced symptoms and improve 
functional capacity, should be evaluated by 
this outcome measure, rather than by any 
effect of exercise on coronary risk reduction, 
psychosocial status, return to work etc. 
Although improved survival was a goal of 
exercise rehabilitation in the early 1970s, 
contemporary medical and surgical treat- 
ments have improved outcome so much that 
any added intervention is unlikely to improve 
survival further. The benefits of supervised 
and unsupervised exercise have not been 
compared in a randomised fashion, but for 
low risk patients unsupervised modest inten- 
sity exercise training may be more easily 
adhered to than the higher intensity super- 
vised exercise regimens, which produce more 
musculoskeletal discomfort and are less con- 
venient; this requires evaluation. As noted by 
-Dr Lipkin (British Heart Journal 
19913;65:237-8) the availability of risk 
stratification procedures and the documented 
efficacy of low intensity exercise permits this 
physician-directed exercise rehabilitation 
outside a structured supervised program. 
“Formal” exercise programmes (that is, 
individually prescribed exercise with instruc- 
tions for implementation) are appropriate for 
most coronary patients. However, supervised 
and particularly electrocardiographically 
monitored exercise rehabilitation should be 
limited to selected patients. 

Improved psychological function as an 
outcome of rehabilitative care should be 
assessed only among coronary patients who 
have identified psychosocial problems and for 
whom specific interventions are recommen- 
ded. It should not be expected to come simply 
from participation in an exercise regimen. 

Unfortunately, the “usual” supportive 
care may not include adequate multifaceted 
education and counselling, which often’ 
require considerable time and specialised 
knowledge—teaching dietary modification is 
a good example of this. However, the specific 
goals set for each educational component can 


provide a standard against which to evaluate 
outcome. 

Perhaps analysis of the benefits of cardiac 
(coronary) rehabilitation are hampered less 
by the heterogeneity of the patients than by 
the heterogeneity of the questions asked.* An 
optmal regimen (rather than an inflexible 
programme) of rehabilitative care should be 
defined by the patient’s physician, in consul- 


‘tation with the patient (and programme staff 


if a structured supervised programme is 
chosen). If suitable rehabilitative services are 
selected and the desired mode of implementa- 
tion and expected outcome are defined for 
each component, the validity and efficacy of 
rehabilitative interventions can be assessed. 


NANETTE K WENGER 
Department of Medicine (Cardiology), 
Emory Untoersity School af Medicine, 
Thomas K Glenn Memorial Building, 
69 Butler Street, SE, 

Atlanta, Georgia 30303, 

USA 


1 Wenger NK. Rehabilitation of the co 
patient: A preview of tomorrow. J Cardtopul- 
monary Rehabil. 1991; 11:93. 

2 Wenger NK, Alpert JS. Rehabilitation of the 


coronary patient in 1989. Arch Intern Med 
19893149:1504. 


SmR,—Dr Lipkin quite rightly defines cardiac 
rehabilitation “as a process by which patients 
with cardiac disease are restored to their 
optimal physical, medical, psychological, 
social, emotional, vocational and economical 
status” but in later remarks he seems to 
equate this process to one of physical train- 
ing. Is it realistic to think that physical 
training alone can bring it about? Obviously it 
is not. Organised motor activity it is quite 
properly called “physical exercise” or, when 
it is designed to induce specific biological 
changes, “physical training”. But this is a far 
cry from rehabilitation, which, as Lipkin 
himself reminds us, is a complex combination 
of medical and non-medical measures ren- 
dered much better by a term such as: ‘‘prog- 
nostic evaluation and long-term care”. In 
other words the focus of rehabilitation is the 
chronically ill patient. 

Chronic heart failure is a case in point. Ata 
few cardiac rehabilitation units much of the 
cardiologists’ time is taken up with the care of 
patierits. awaiting transplantation—care that 
encompasses pharmacotherapy, ‘detection 
and treatment of metabolic abnormalities, 
nutritional support; regimens to prevent 
physical deconditioning, prophylaxis against 
infections, support replacing temporary loss 
of physiological functions (ultrafiltration, 
mechanical ventilation) attention to the sleep- 


‘ wakefulness rhythm, detection and elimina- 


tion of any possible causes of disease progres- 
sion, the caring and compassionate counsell- 
ing which can be of vital importance in many 
I do not know whether “rehabilitation” is a 
fitting term to cover the range of care from 
the soft follow up of uncomplicated post- 
infarct patient on a secondary prevention 
programme and the semi-intensive care of 
chronically, critically ill patients and I am 
certainly not claiming that such wide- 
ranging, complex undertakings should be 
simply assigned to the present rehabilitative 
facilities. 

However, we have to recognise that new 
realities, such as longer life expectancy and 
effective treatment, together with the chronic 
nature and long duration of most cardiac 
diseases (ischaemic heart disease, myocar- 
diopathies, ‘‘essential” hypertension and so 
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forth), tend to increase their prevalence. The 
course of these diseases, mostly silent until an 
explosion of symptoms with often irremedia- 
ble damage suggests that the logical approach 
is to make every effort to prevent acute 
episodes—that is, by controlling disease 
progression by careful chronic care and by 
managing recovery after unprevented 
episodes in order to preserve the patients 
autonomy and quality of life. The health 
service as at present structured, focused on 
hospitals, is concerned primarily with resolv- 
ing diagnostic problems and coping with 
emergencies rather than with the systematic 
follow up of the chronic patient. In most 
countries rehabilitation is in embryo and still 
lacks a coordinated professional approach to 
the chronic cardiac patient’s problems, but it 
is the first serious attempt at a comprehensive 
and permanent approach to these patients. 
Several current papers refer to rehabilita- 
tion as “physical training”’, I believe this to be 
an oversimplified and rather confusing view 
that should not be reinforced in editorials 
written by authoritative persons for auth- 
oritative journals. 
LUIGI TAVAZZI 
Chairman of the Working Group on 
Cardiac Rehabilitation of the European 
Society of Cardiology, 
Centro Medico, 27100 Pavta, 
Italy 


These letters were shown to the authors, who 
reply as follow: 

SIR;—I agree with Professor Tavazzi’s com- 
ments. We do tend to concentrate on physical 
rehabilitation because changes in effort 
tolerance are more easy to measure than the 
psychological and emotional responses to the 
treatment, which often improve with 
improvement in physical exercise capacity. 
Whether one wishes to call the post-hospital 
follow up and treatment of patients 
“rehabilitation or prognostic evaluation and 
long term care” is arguable. I agree that the 
supportive care many patients require 
includes “‘multi-faceted education and coun- 
selling”. An optimal regimen tailored to the 
patient’s requirements would be ideal as I 
mentioned in my editorial, but as Douglas 
Chamberlain and his colleagues recently 
commented it is obvious that cardiological 
resources in the United Kingdom are so 
restricted that at present this ideal might not 
be met.’ 


1 Chamberlain D, Pentecost B, Reval K, Stevens 
J, McC Boyle D, Cobbe S, Ballantyne D, 
Shaw T. Staffing in cardiology in the United 
Kingdom 1990: sixth biennial survey: with 
data on facilities in cardiology in England and 
Wales 1989. Br Heart J 1991;66:395-404. 
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Cardlomyoplasty. Eds Alain Carpentier, 
Juan Carlos Chachques, and Pierre Grand- 
jean. (Pp 280; $85-00.) Mount Kisco, NY: 
Futura Publishing Company, 1991. ISBN 0- 
87993-395X. 
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Two of the editors of this book, Alain 
Carpentier and Juan-Carlos Chachques, 
surgeons from Hôpital Broussais in Paris 
reported, in 1985, the first clinical use of 
latissimus dorsi muscle to augment the left 
ventricle. The third editor, bioengineer 
Pierre Grandjean, has made a major con- 
tribution to the pacing systems required to 
train and drive the transplanted and trans- 
formed skeletal muscle. Among the 50 con- 
tributors are the best known names in the 
field—such as the anatomist, Salmons; his 
surgical collaborator for many years, Larry 
Stephenson; and Pette who described 
changes in phenotype expression of muscle. 
The major clinical contributors to cardio- 
myoplasty are represented and include 
Magovern’s group from Allegheny, and 
Jatene and colleagues from São Paulo, Brazil 
who, with the Paris surgeons have provided 
the major part of the world’s clinical use of the 
technique. The monograph is authoritative, 
comprehensive, beautifully produced, gen- 
erously illustrated, and very readable. It is 
based on papers presented at a Paris meeting 


in June 1989 at which time there were about ..- - 


fifty patients. Papers from another inter- 
national meeting in October 1990, from the 
same principal authors, reviewing double the 
number of patients, had already appeared in 
April 1991 in Seminars in Thoracic and 
Cardiovascular Surgery, months before this 
hardback volume was released. This book 
may be seen as a landmark but it does 
illustrate the difficulties, acknowledged by- 
Alam Carpentier in his insightful foreword, 
of publishing in a rapidly changing field. 
TOM TREASURE 


The title reviewed here ts available from the 
BMJ Bookshop, PO Box 295, London WC1H 
OTE. Prices include postage tn the UK and for 
members of the British Forces Overseas, but 
overseas customers should add 15% to the value 
of the order for postage and packing. Payment 
can be made by cheque in sterling drawn on a 
UK bank, or by credit card (MasterCard, 
VISA, or American Express) stating card 
number, expiry date, and your fuil name. 
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The last newsletter gave the up to the minute 
news of completion of our purchase of our 


own property at 9 Fitzroy Square. By the time ` 


this appears we should be well settled in the 
new house. It is a fine Georgian building 
ideally suited to the new and expanding 
activities of the society. The offices of the 
British Heart Journal wili- share the 
premises—-an. ideal arrangement given our 
close working relationship. Our affiliated 
groups and societies have all expressed an 
interest in making use of the new facilities. 


We have rooms large enough not onl¥. for all - 
the committees, but also for our planned. 


- feach-ins, and for workshops if plans for these 


/ ‘are approved. Kitchen facilities are available, 
` <80 that catering on the premises becomes a 
` possibility. We‘ hope that the house will . 


become a well integrated headquarters for all 
‘major activities relating to the British Cardiac 


Society. To achieve this we will, of course, 
require additional staff. Mrs Elaine Brown 
(our administrator), and Mrs Jenny Lodge 
(our assistant administrator and bookkeeper) 
have coped so far with all the affairs of the 
society—with assistance from Sussex for 
secretarial work and surveys. We have 
enrolled a new part-time secretary in Lon- 
don, and further changes may follow if the 
workload grows. If any members of the 
society find themselves near Fitzroy Square, 
we hope they will call in: it is only minutes 
from the Royal College of Physicians, and 
from Regents Park, Great Portland Street, 
Euston Square, and Warren Street Under- 
ground Stations. 

The meeting organised by the society on 
the developing internal market in cardiology 
and cardiac surgery was held at the Royal 
College of Physicians on 4 December. It was 
well attended with over 200 delegates; 40% 
were cardiologists or cardiac surgeons, 30% 
were managers from provider units, and 30% 
came from purchaser health authorities. The 
speakers included a regional director of 
public health, a health economist, five clin- 
icians (of whom one was American), and 
representatives of the NHS Management 
Executive and the Department of Health. 
The initial presentations dealt with the future 
management of regional specialties and with 
modelling of treatment patterns of coronary 
artery disease——with economic evaluation of 
outcomes. The experience of three clinicians 
was reported, and the requirements were 
discussed for refining case mix and coding for 
effective setting of contracts. The difficulties 
ahead seem formidable, and the market seems 
likely to be managed centrally for same time 
to come. The meeting finished with a session 
looking at supraregional specialties and clin- 
ical research. Their future was linked to the 
research and development initiatives that are 
being developed by the NHS Management 
Executive. A full report is being prepared 
and should be a valuable source of informa- 
tion in a difficult and new area. We will let you 
know later how this can be obtained. 

A meeting of representatives of the affiliated 
groups was held at the British Cardiac 
Society on 29 November. Representatives 
from the British Cardiovascular Intervention 
Society (BCIS), the British Paediatric Car- 
diac Association (BPCA), the British Society 
of Echocardiography (BSE), the British 
Nuclear Cardiology Group (BNCG), and the 
British Pacing and Electrophysiology Group 
(BPEG) all expressed an intention for the 
groups to be recognised as part of the British 
Cardiac Society, while retaining their auton- 
omy within the individual organisations. 
This position has not previously been defined 
in any formal way, and the word “‘affiliated’’ 
had been open to varying shades of inter- 
pretation. The groups will want to confirm 
their positions after appropriate discussions, 
but in the meantime they were invited to 
submit a statement of the support they may 
wish to receive from the British Cardiac 
Society. This task has to be undertaken with 
some urgency, so that we can make the 
best use of 9 Fitzroy Square. Possible financial 
support, record keeping, secretarial assist- 
ance, data collection, audit, relations with 
Européan societies, management of any sub- 
scriptions, space for small meetings and 
arrangements for large ones, printing, and 
publications—these should all be considered. 


..The special position of the British Nuclear 


Cardiology Group was recognised; most of its 
members are not cardiologists. This was not 
seen as an overriding difficulty: this group can 


Book review 


be affiliated under the same arrangements as 
the other groups. 

Arrangements for the Harrogate meeting 
are almost complete. Dr Eugene Braunwald 
has agreed to give the Sir Thomas Lewis 
lecture; Dr Lars Ryden will be the non- 
United Kingdom (how else these days do we 
say “European”?) judge for the Young 
Research Workers Prize; and we are planning 
a partners programme. Simultaneously with 
the young research workers presentations we 
will have—as an experiment—a session de- 
signed for state-of-the-art presentations 
designed to suit the needs of district 
hospital cardiologists. 

We hear that some district hospital car- 
diologists have felt that the society does not 
cater adequately for their needs. If the society 
has shown a bias towards matters of concern 
to cardiologists in the major centres, this is 
not intentional. We believe that the impres- 
sion reflects an earlier pattern of activities that 
were entirely appropriate when district hosp- 
itals had few specialist physicians, and that. 
this view is increasingly outmoded. If we can 
do more for district cardiologists—who face 
s0 much of the burden of heart disease—then 
please make suggestions; they will be wel- 
come. We do wish to see more colleagues 
from oitside the major centres proposed for 
and elected to council. 

New proposals for the constitution will 
come before the Annual General Meeting m 
Harrogate. Some have already been widely 
discussed: that council should include a 
representative from paediatric cardiology and 
that the chairman of the cardiology commit- 
tee of the Royal College of Physicians and the 
society’s own Postgraduate Cardiology Adv- 
isor should also be on council. A more recent 
suggestion that also seems to have much merit 
relates to the officers: that in future the 
president should serve for two years rather 
than three, and that the president-elect is also 
in post for two years. Thus there will always 
be five officers, While future presidents will 
still have a total of four years in office, the load 
will, be more evenly spread. 

The December newsletter referred to the 
possibility of a meeting to discuss the future 
of arrhythmology units, with special 
reference to the funding of an important 
growing point of cardiology. Proposals put to 
the cardiology committee earlier in 1991 were 
not adopted, pending further discussions 
among interested parties: the society in 
cooperation with BPEG is clearly an 
approprate forum for these. A provisional 
date of 10 March has now been agreed. We 
believe that representatives from the Depart- 
ment of Health may be willing to join us. | 

The British Cardiac Society and the 
Society of Cardiothoracic Surgeons wish to 
implement a new scheme to make information 
cards available to all patients with 
replacement heart vaives (newsletter, Sep- 
tember 1991). This would be based on the 
United Kingdom valve registry organised by 
Ken Tayior at Hammersmith Hospital. We 
are hopeful that the valve manufacturers will 
be willing to provide the modest support 
needed for this project, though negotiations 
have taken longer than we expected. In the 
meantime, Shiley have arranged that the 
Medic Alert Foundation should cooperate 
with our societies to make bracelets avail- 
able to any patients with the Bjérk-Shiley 
convexo-concave valves that may be at risk of 
strut fracture. A letter about free registration 
with Medic Alert has been sent to at least one 
cardiologist (or physician with an interest in 
the specialty) in every hospital that may treat 
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such patients. To retain the confidentiality of 
our database we undertook the mailing our- 
selves. 

Do not forget the date for our first teach-in, 
announced in the December newsletter. This 
new programme is intended to update mem- 
bers of the society in growing points of 
modern medicine that are intimately related 
to our specialty. Sir David Weatherall will be 
arranging the first meeting (on molecular 
biology) on Tuesday 31 March from 10 am to 
4 pm. A subsidy will be available for long- 
distance travel within the United Kingdom. 
We intend that these meetings should be 
small to encourage interaction with the speak- 
ers. There will not be another similar oppor- 
tunity for a very long time. Contact the 
society at once if you wish to reserve a place— 
but you may already be able to secure a place 
on the reserve list only ... Please note that 
the meetings are exclusively for members. 

Copies are now available from the society 
offices of the Fourth Report of a Joint Car- 
diology Committee of the Royal Colleges of 
Physicians of London and the Royal College 
of Surgeons of England on the provision of 
services for the diagnosis and treatment of 
heart disease. The college reports are auth- 
oritative documents that can be of great value 
to those who have to persuade managers of 
the basic requirements of a cardiology 
service. 

Another date for many diaries, and again 
we expect demand to exceed supply: Resus- 
citation °92 will be the first CPR congress of 
the European Resuscitation Council (the 
British Cardiac Society was prominent in the 
formation of the European Resuscitation 
Council which is now gaining wide accep- 
tance in Europe). An excellent international 


programme has been arranged in cooperation 
with the Resuscitation Council of the United 
Kingdom. The meeting will take place in the 
Brighton Centre. All the indications show 
this will be a popular meeting and many 
delegates are expected from mainland 
Europe. Application forms can be obtained 
from the society office. 

Remember to note our new address given 
below. And again for reference our new 
telephone number is: 071 383 3887. Note that 
our fax number has a slightly different 
exchange code: 071 388 0903. 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society 
9 Fitzroy Square, 

London WIP 5AH 
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1992 


The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate 
International Centre on 26 to 29 May. The 
closing date for receipt of abstracts was 3 


January. 
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CORRECTIONS 








Staffing in cardiology in the United Kingdom. 
Sixth biennial survey: with data on facilities 
in cardiology in England and Wales 1989 
(November issue, volume 66: pages 395404). 
The President of the British Cardiac Society 
has asked us to point out that table 13 showed 
an incorrect total under the number of con- 
sultants retiring from 1991 to 1995, though 
the data for individual years were correct. 
This total was inadvertently left unchanged 
when one year was removed from the table 
shortly before the paper was submitted. 
Table 16 showed the number of technicians 
in the Regions of England and Wales, and 
these figures were correct according to the 
returns received. But the calculations for 
numbers per 250000 were incorrect—the 
true totals were slightly higher. This error 
represents a complex calculation based on the 
premise that the need for technician time js 
not related in a linear fashion to population. 
These figures were derived for another 
purpose but were inadvertently substituted 
for the original calculations that had been 
correctly made. 
Physical activity in ischaemic heart disease in 
middle-aged British men. AG Shaper, G 
Wannamethee (November issue, volume 66: 
pages 384-94). The authors have asked us to 
point out that R Weatherall was inadvertently 
omitted from the authorship of this paper, 
which is AG Shaper, G Wannamethee, R 
Weatherall, 





Asa service to readers each month the British Heart Journal publishes a list of 
the current contents of Cardiovascular Research, a sister journal published by 
the BMJ Publishing Group in association with the British Cardiac Society. 
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ma Research 


Editor in Chief: David J Hearse 
Associate Editors: M Avkiran, G Brooks, DJ] Chambers, WA Coetzee, MJ Curtis, MJ Shattock, FJ Kelly 
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SS aerate l . 
. oe Cardiovascular Research is an international journal specialising in all aspects of 

: the cardiovascular system in health and disease. The journal gives priority to 

ee oS -o studies from the cutting edge of cardiovascular biology. The journal strives to 
o ne promote links between fundamental research and clinical cardiology and to 
, : enhance the understanding of the pathophysiology of cardiovascular disease. 


Cardiovascular Research February 1992 Vol 26 No 2 
Masterclass 
89 The premature beat. Michiel J Janse 
Cutting edge 
101 Reperfusion induced injury: manifestations, mechanisms, and clinical relevance. David J Hearse, Roberto Bolli 
fee Papers 
z oo 109 Left ventricular function and the relationship between left atrial pressure and peak early diastolic filling 
o velocity in dog. 5 Nakatani, S Beppu, K Miyataka, Y Nimura 
ee 115 The contraction of stunned myocardium: isovolumetric bulging and wasted ejection shortening in dog 


heart. G Chen, A D Askenase, K Chen, L N Horowitz, B L Sega 
126 Effect of WEB 2086 on myocardial infarct size and regional blood flow in the dog. L L L Leong, 
C J Stephens, M J Sturm, R R Taylor : 
133 Effects of glucose, Trolox-C, and glutathione disulphide on lipid peroxidation and cell death induced by 
oxidant stress in rat heart. C T Le, L Hollaar, E ] M van der Vaik, A van der Laarse 
143 S-Adenosylhomocysteine hydrolase activity in human myocardium. M M Borst, A Deussen, ] Schrader 
148 Differential effects of positive end expiratory pressure and cardiac tamponade on left-right ventricular 
mechanical function in the dog. T Nakamoto, KS Li, W E Johnston, W P Santamore 
153 Cardiac contractile proteins in hypertrophied and failing guinea pig heart. A Malhotra, F M Siri, 
R Aronson ) 
162 WEB 2086 inhibits neutrophil dependent increases in coronary resistance in blood perfused rabbit heart. 
JR Tippins, ] W Antoniw, M R Alison, B Garvey, A Maseri -~ 
Ee ee 170 Differential effects of left coronary occlusion on left and right ventricular anterior wall thickening in the 
= o conscious pig. A ] Crottogini, P Willshaw, ] G Barra, E C Lascano, R H Pichel 
a es 176 Simultaneous measurement of cytosolic calcium and cell motion in a beating single cardiomyocyte: 
effects of isoprenaline and ouabain. K Tamura [43/91] 
183 Cardioprotective effects of ischaemic “reconditioning” aré not mediated by prostanoids. V Li [120/91] 


190 Book reviews 
Cardiovascular Pharmacology (Michael ] Antonaccio), reviewéd by Stan A Rees 
Sid Facts in Cardiology (Andrew A Grace, Peter M Schofield, and Michael C Petch), reviewed by 
Clive S Lawson 
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TRAÑSFUSION 





“...excellent for teaching purposes ...a 
good example of how to present a subject 
in a clear and pithy fashion.” 
Canadian Medical Association 


“...highly recommended for personal 
purchase as well as departmental and 
ward libraries.” 

Journal of the Royal Naval Medical Service 


““. .. an attractive and authoritative review 
of state of the art blood transfusion 
practices.” 

Clinical & Laboratory Haematology 


“,..an extremely well written practical 
guide to transfusion for clinicians and 
medical students.” 

Anaesthesia and Intensive Care 


“Clear layout, admirable illustrations, 
easy reading. Recommended.” 
Annals of the Royal College of Surgeons 


1990 
UK £11.95; Abroad £13.50 
(BMA members £10.95 or £12.50) 


Authoritative texts to help 





“...crammed with current information 
...an excellent book which makes 
a major contribution to trauma 
care...authors and editors are to be 
congratulated.” 


BASICS 


“...an excellent manual for those dealing 
with trauma. Until now there has been no 
concise text of this sort...” 


BM 


“This book is a pleasure... richly and 
superbly illustrated, particularly well 
written, and of considerable value to basic 
and advanced readers in trauma. .. . clear, 
clinical and practical. It belongs . . . on the 
trauma unit bench as a rapidly accessible 
manual for in-service training.” 

SAMI 


March 1991 
UK £12.95; Abroad £15.00 
(BMA members £11.95 or £14.00) 
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save lives 


ASSISTED 
VENTILATION 





Many doctors, including those in training, 
care for patients in the intensive care unit 

Too often such doctors do not know the 
details of ventilation techniques; yet if they 
are to feel at home on the intensive care 
unit they must be familiar with all aspects 


of assisted ventilation 


In this short comprehensive guide to the 
subject thoracic physicians, intensive care 
specialists, and anaesthetists take the 
reader through from the theory, equipment, 
and techniques to the latest advances in 
non-invasive and domiciliary ventilation. 
September 1991 


UK £8.95; Abroad £11.00 
(BMA members £8.45 or £10.50 






































ORDER FORM British Medical Journal, PO Box 295, London WC1H 9TE. 
Please send me the following books: 
TITLE AUTHOR/EDITOR | _AMOUNT 
Prices include postage, by air abroad cama at 
NAME Membership No = > ~<a 
(print clearly) x 
ADDRESS Cheque enclosed (made payable to British Medical Journal) £ . ee 
Debit my AMERICAN EXPRESS/VISA/MASTERCARD $, i 
? u 
Card No ~ Bpr R By 
POSTCODE Ne 


[] Please send me a book catalogue 


BMA House. 


BMJ books are also available from major booksellers or the BMJ bookshop in 








SRS: 
Rane 
StF 


AN 
TRESS 


as 


RORA 





i EN y EE EN e i 5 
RS e 6 + 





renal impairment 





Tenormin 


atenolol 25mg 








<r a 


: Prescribing notes for Tenormi 


atenolol 100mg 





Tenormin 











Consult data sheet before prescribing. 
USE: } 





Angina Prophylaxis: 
Children: 
Elderly Patients: i 


Renal Failure: 


CONTRAINDICATIONS: 
PRECAUTIONS: 








BRITISH 
HEART 
JOURNAL 


In association with the British Cardiac Society 


MARCH 1992 VOL 67 No 3 











Editorial 211 Stent implantation in congenital heart disease E Rosenthal, S A Qureshi 

Review 213 Interaction between ventricular loading and repolarisation: relevance to arrhythmogenesis P Taggart, 
P Sutton, M Lab 

Original articles 216 Clinical and angiographic prediction of cardiac death after coronary artery bypass graft 


surgery H V Hutkurt, S Yli-Mäyry, K E J Airaksinen, M J Ikäheimo, M K Linnaluoto, J T Takkunen 
221 Monophasic action potential recordings during acute changes in ventricular loading induced by the 
Valsalva manoeuvre P Taggart, P Sutton, R John, M Lab, H Swanton 
230 f Endorphin release in patients after spontaneous and provoked acute myocardial ischaemia 
K CG Oldroyd, K Harvey, C E Gray, G H Beastall, S M Cabbe 
236 Aortic and mitral valve disease in patients with end stage renal failure on long-term 
haemodialysis £ Straumann, B Meyer, M Misteli, A Blumberg, H R Jenzer 


240 Stenting of the arterial duct: a new approach to palliation for pulmonary atresia J L Gibbs, 
M T Rothman, M R Rees, J M Parsons, M E Blackburn, C E Ruiz 


246 Cardiac conduction abnormalities and rhythm changes after neonatal anatomical correction of — 
transposition of the great arteries S Menahem, M S Ranjit, C Stewart, W J Brawn, R B B Mee, 
J L Wilkinson — 











Resuscitation 250 Potential impact of emergency intervention on sudden deaths from coronary heart disease in 
Glasgow B Fitzpatrick, G C M Wart, H Tunstail-Pedoe 





Practice reviewed 255 Management of myocardial infarction: implications for current policy derived from the Nottingham 

í Heart Attack Register J M Rowley, P Mounser, E A Harrison, A M Skene, J R Hampton 

Technology 263 The Inoue balioon for dilatation of the tricuspid valve: a modified over-the-wire approach T R D Shaw 
Case reports 266 Incessant atrial tachycardia accelerated by pregnancy + C Doig, J M McComb, D S Reid Ce 


269 Severe rheumatic mitral stenosis with pericardial effusion causing left ventricular 
tamponade $ W Davies, A Youhana, M Capp 


271 Rupture of a ventricular abscess after mitral valve replacement A E Weale, J Hunter, © M P Collins 


British Cardiac 273 A survey of nuclear cardiological practice in Great Britain KR Underwood, C Gibson, A Tweddel, J Fhimt 
Society on behalf of the British Nuclear Cardiology Group 


235 Plants in cardiology 
278 British Cardiac Society newsletter 
278 Notice 





BM] PUBLISHING GROUP 


EDITORIAL 
COMMITTEE 


Published by the 

BMJ Publishing Group and 
printed in England by 

Eyre & Spottiswoode Ltd, 
London and Margate 


BRITISH 
HEART 
JOURNAL 


In assoctation with the British Cardiac Soctety 
A Registered Charity 


Editor: M J Davies 
Associate Editors: Kim Fox, Peter Mills 


Assistant Editors: Barry R Keeton (paediatric cardiology), Edward Rowland (electrophysiology) 


Technical Editor: Jane Dawson 
Editorial Assistant: Maureen Emerson 


Roger M Boyle Roger Hall 
Stuart M Cobbe Alan B Houston 
Keith Dawkins Stewart Hunter 
John L Gibbs Michael Marmot 


NOTICE TO CONTRIBUTORS 


Papers relating to the heart and circulation should be 
sent in triplicate to the Editor, British Heart Journal, 
BMJ Publishing Group, BMA House, Tavistock 
Square, London WC1H 9]R, and be prepared accord- 
ing to the Uniform requirements for manuscripts submitted 
to biomedical journals (Vancouver agreement) (Br Med J 
1988:296:401-5). Authors are asked to complete a 
copy of the checklist provided (1992;67:1 18-9 (Jan- 
uary issue)) when submitting their manuscripts 
for publication. The reference number given on the 
acknowledgement postcard sent out by the editorial 
office should be quoted on all subsequent correspon- 
dence and telephone inquiries. A covering letter must be 
signed by all authors stating that they have seen and 
approved the paper and that the work has not been, and 
will not be, published elsewhere. All authors will be 
required to transfer copyright of their articles to the 
journal before publication. (All material for possible 
publication (including Letters to the Editor) musr be 
typed in double spacing with wide margins.) 


ETHICAL STANDARDS 

Authors are expected to comply with the code of ethics 
known as the Declaration of Helsinki. Where 
appropriate, manuscripts should include a statement 
that the research protocol has been approved by the 
locally appointed ethics committee and that the in- 
formed consent of the subjects has been obtained. 


CASE REPORTS should convey only the essential facts of a 
case and the discussion and bibliography be kept to a 
minimum. They should have no more than three 
authors, should not exceed 1500 words, and include no 
more than two Figures. 


ABBREVIATIONS should not be used in the text, except for 
mathematical calculations and units of measurement. 


REFERENCES must be cited precisely according to the 
Vancouver agreement and be typed in double spacing. As 
a general rule, no more than three references should be 
cited for any one statement. 

Authors are responsible for the accuracy of any 
references cited: these should be checked at source or 
with the listing in Index Medicus. 


UNITS OF MEASUREMENT 

All haematological and clinical chemistry measurements 
should be given as SI units. Blood pressures should be 
given in mmHg. Measurements of length, height, 
weight, and volume should be reported in metric units 
and temperatures should be reported in degrees Celsius. 


TABLES must be typed on separate sheets and not in the 
text. Titles should be provided, and all abbreviations 
used must be given in full in a footnote. 


R Gordon Murray 
John Sanderson 
‘Tom Treasure 
David E Ward 


an eT reira T a e A Vivaldi AAA tintin bettie thirst Nh AAAA ttt i Att Rett tt 


Peter Wilde 


Editor: BMJ 
Editor: Cardtovascular Research 





ILLUSTRATIONS (for general requirements, please refer to 
Br Heart J 1984;514:1-6). 

Electrecardiograms: Black and white prints only 
should be sent and not the original tracings. If several 
tracings are grouped in a single Figure only a few 
complexes should be shown; the width should not 
exceed 14 cm unless a reduction in scale is possible. 

Echocardiograms: All unnecessary or irrelevant detail 
(such as electronic writing) should be removed. Label- 
ling must be superimposed directly on to the print itself 
and only where essential be shown on an accessory 
drawing. Echocardiograms obtained with 30° sector 
scans or bistable equipment or recorded on ultraviolet 
paper are not suitable for publication. 

Figure legends must include an explanation of all 
abbreviations used in the Figure. 


COPYRIGHT PERMISSION to reproduce material published 
elsewhere must be obtained in writing and acknow- 
ledged in the manuscript. 


PROOFS Of articles accepted for publication will be sent 
for the author’s approval. Proof corrections should be 
kept to a minimum. 


NOTICE TO SUBSCRIBERS 

British Heart Journal is published monthly. The annual 
subscription rates are £156.00 (USA $255.00). Com- 
bined rate: British Heart Journal and Cardtovascular 
Research {£293.00 (USA $521-00). Orders should be sent 
to The Subscription Manager, British Heart Journal, 
BMJ Publishing Group, BMA House, Tavistock 
Square, London WC1IH 9JR. Orders can also be placed 
with any leading subscription agent or bookseller. 
Subscribers may pay for their subscriptions by Access, 
Visa, or American Express by quoting on their order the 
credit or charge card preferred together with the 
appropriate personal account number and the expiry 
date of the card. (For the convenience of readers in the 
USA subscription orders ($230-00) with or without 
payment may also be sent to British Medical Journal, 
Box 560B, Kennebunkport, Maine 04046. All inquiries, 
however, must be addressed to the Publisher in Lon- 
don.) All copies are despatched by air-speed. First 
class rates available on request. 


COPYRIGHT © 1992 by the British Heart Journal. All 
rights reserved. No part of this publication may be 
reproduced, stored in a retrieval system, or transmitted 
in any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise, without the 
prior permission of the British Heart Journal. 


ISSN 0007-0769 


Second class postage paid, Rahway NJ Posrmaster: send address changes to: British Heart Journal c/o Mercury Airfreight International Ltd Inc, 2323 Randolph Avenue, Avenel, NJ O7001, USA, 





lc § 
A user friendly calcium antagonist ~~~” 
for hypertension and angina 


» ABBREVIATED PRESCRIBING INFORMATION FOR ISTIN* INDICATIONS: FIRST-LINE TREATMENT 
OF HYPERTENSION AND MYOCARDIAL ISCHAEMIA ASSOCIATED WITH STABLE ANGINA PECTORIS 
DOSAGE: FOR HYPERTENSION AND ANGINA, INITIAL DOSAGE 5MG ORALLY ONCE DAILY WHICH MAY 
BE INCREASED TO A MAXIMUM DAILY DOSE OF 1OMG. USE IN CHILDREN: NOT RECOMMENDED. USE IN 
THE ELDERLY: NORMAL DOSAGE. USE IN RENAL IMPAIRMENT: NORMAL DOSAGE USE IN HEPATIC 
IMPAIRMENT: DOSAGE RECOMMENDATIONS HAVE NOT BEEN ESTABLISHED; USE WITH CAUTION 


CONTRA-INDICATIONS: KNOWN SENSITIVITY TI HYDROPYRIDINE 
PREGNANCY AND LACTATION: ISTIN SHOULD NOT BE ADMINIS] 


OR TO WOMEN OF CHILD-BEARING POTENTIAL UNLESS EFFECTIVE CONTRACEPTION |S USED SIDE-EFFECTS 
FLUSHING. OEDEMA, FATIGUE. HEADACHE, DIZZINESS AND NAUSEA. PACKAGE QUANTITIES AND BASIC 


WARNINGS AND PRECAUTIONS 


REI DURING PR NA 


NHS COST: SMG TABLETS CALENDAR PACK OF 28 £11.85 (PL 0057 


OF 28 £17.70 (PL 0057/0298). FURTHER INFORMATION Of 


Pfizer] *Trade Mark > 


ENDAH 


| REQUEST. PFIZER LIMITED, SAI 


LOWER CHOLESTEROL TO PROTEC 





@ in 1989. coronary heart disease 
caused 26% of all deaths in 
England, Wales, and Scouand 


1% reduction in cholesterol reduces 


; 


coronary Neart disease by 2% 


The EAS/ BHA goal of 
treatment 5.2 mmol | 


‘Zocor is indicated in 
patients with primary 
hyperch lesterolaemia 
with a cholesterol level 
of6.5 mmol lot yredalel 
and resistant to dietan 
control. 


ABRIDGED PRODUCT INFORMATION 


Refer to Data Sheet before prescribing. 
INDICATIONS Primary hypercholesterolacmin 


gveto diet with a cholesterol level of 6.5 mmol litre or 


DOSAGE AND ADMINISTRATION Initially 10 me no 
dose range 10-40 me once daily nocte. Maximum therapeut 
response occurs within four to six weeks. Consider dose 
duction if total serum cholesterol level falls below 3.6 mmol 
or if LDL cholesterol falls below 1.94 mmol 

Sheet for full dosage instructions 

lowerme diet should be continued. Con 

Zocor is effective alone or in mination 

sequestrants. Lowest recommended dow 

with immunosuppressants. /impouirs 

elderiy patients: Modification of dos 

necessary Children: Studies to show 

have not been don 


CONTRA-INDICATIONS Hypersensitivity 
active liver disease or unexplained persistent 
serum transaminases: pregnancy and breast-fes 
of child-bearing potential unless adequately 
non- hormonal methods 


PRECAI TIONS Hi MOLVROM ei |! 

emia: "Zocor is unlikely to be effective. Mypertris wv 
nemin: Zocor is not indicated where hvypertrigiveeriiacm 
is the abnormality of most concern. Hepatic effects: Initia 
and periodic liver function monitoring recommended. Di 
continue if persistent enzyme elevations occur, particular 
if they nise to three times the upper limit of normal, Cauti 
in patients with a history of liver disease and/or alcoholism 
Muscle effects: Clinically insignificant transent mild eles 
ations of creatine phosphokinase have been seen. Theray 
with “Zocor should be discontinued if markedly clevan 
CPK levels occur or if myopathy is diagnosed or suspected 
Pregnani Contra-mdicated. One month should claps 
between ending therapy with ‘Zocor and planned 
ception, Drug interactions: Care should be taken in patients 
on concomitant lipid-lowerne therapy, particularly bbrat 
or mootunec acid derivatives of immunosuppressive therapi 


SIDE EFFECTS Side effects reported in controlled clinica 
nals: abdonunal pain, constipation, tlatulen asthenia 
and headache. Rarely, myopathy. Side effects reported 
either in long-term extension studies or in marketed us 

nausea, diarrhoea. rash, dyspepsia; and rarely. rhabdomyolys: 
and hepatus. Isolated cases of anmoneurot mecherma sks 

have been reported 

BASIC NHS COST img tablet 

calendar pack. 20)me tablets. £41.09 for 

pack 

Product licence numbers: 10 mg tablets 

20 ma tablets. 0025/0242 

H denotes registered trademark 

Rahway. NJ. USA 

REFERENCES 

I. OPCS Monitor DH2. June 1990 


2, Lipid Research Clim 
\ 194, 251, 5 


Merck Sharp & Dohme Limited, Hertford R 
Hoddesdon, Hertfordshire. ENIH YBI 


HE HEART OF THE NATION ZOCOR 


(simvastatin, MSD) 


Reducing cholesterol to help 
prevent coronary heart disease 


wu 













| j 
f j 
i 
f 


g } Ea p 
owl ‘Weerendl : 


Life's special, vital, individual, so it's good to know aN y 
there's a treatment for mild to moderate hypertension j \ Ls l 
that's as individual. 


ê d » É 
New Tildiem Retard 120 offers- ildiem Vay 
J The only diltiazem 120mg licensed for hypertension. 
I Efficacy, equivalent to nifedipine! but with fewer side 120 
effects? 


=J Good compliance - Once a day dose in the over 65's EO diltiazem 


and b.d. in the under 65's. 
Life's there for the living.... LETS THEM GET ON WITH LIFE. 


Abbreviated Prescribing Information Presentation: Tildi 
ydi je. Indication and Dosage: (Refer to dat t 


te. Contraindications: Pri urke dyta iS S) 
e of a pacer Warnings and precautions: 
Side effects: £ 


ia ' act Basic NHS Cost: 6 tal tl, a ibiets £ | | 34. Product licence numbers: 
diem 60me 4969/0 liidiem Retard |20 4949 lem Ret 1) 4969 2. References: |. Schulte KL, Hypertension 1986; 8: 859-865. 2. Platou E Fur Hear JA 


r 


Br Heart J 1992;67:211-2 


BRITISH 


Editorial 








Eo ni 


Stent implantation in congenital heart disease 


Intravascular stents are increasingly being used to maintain 
vessel patency in peripheral and coronary arteries.'* Lately 
their use has been extended to treat patients with congeni- 
tal heart disease. O’ Laughlin and colleagues reported on 30 
patients in whom 45 stents were implanted with encourag- 
ing short-term results.’ A paper on page 240 of this issue 
and two earlier case reports extend the range of congenital 
heart defects for which stents will be useful." 

Mulcahy et al reported clinical improvement after 
implantation of a self expanding stent in a patient with 
stenosis of a pulmonary artery branch that was resistant to 
balloon dilatation. O’Laughlin implanted 36 balloon 
expandable stents in 23 patients with pulmonary artery 
stenoses: 22 of them had had operations for other lesions.’ 
The mean systolic gradient fell from an average of 51 
mm Hg to 16 mm Hg and the vessel diameter of the 
stenosis doubled. More importantly, O’Laughlin et al 
showed redistribution of blood flow to the previously 
hypoperfused lung in those patients in whom perfusion was 
measured. One patient died after the procedure when a 
right atrial thrombus occluded his Fontan circulation. In 
two patients the stents were misplaced—in one the stent 
passed too far distally down the pulmonary artery and 
could not be retrieved. It was expanded there and when a 
second stent was placed more proximally at the lesion site 
the clinical result was good. In the second patient the stent 
could not be placed correctly in the distal right ventricular 
outflow tract and had to be removed surgically from the 
right ventricle. A branch of the pulmonary artery was 
ruptured after balloon dilatation but this did not preclude 
subsequent stent implantation. While in most patients flow 
into side branches covered by the stent was not impaired, in 
two patients the right upper lobe branch was partially 
obstructed, possibly by compression of the ostium. 
Mulcahy er al described a further complication, that of 
transient pulmonary oedema secondary to high flow into the 
lung segment perfused through the stent; but this has also 
been seen after balloon dilatation alone.‘ 

The Senning and Mustard operations for complete 
transposition may be associated with obstruction to the 
systemic venous pathways. Though the superior caval 
pathway is more commonly the obstructed pathway, oc- 
casionally both the systemic pathways can become obstruc- 
ted and in an extreme form this can cause a debilitating 
protein-losing enteropathy. Balloon dilatation of the nar- 
rowed pathways can be effective but in these large calibre, 
low pressure vessels, large balloons are required to achieve 
a satisfactory result.’ Recoil of the stenosis is not un- 
common and balloon dilatation is ineffective if the pathway 
is kinked. Chatelain et al have highlighted the important 
benefit that stents can produce in this situation.’ It is 
encouraging to note that patency of the pathways was well 
maintained 11 months after the procedure and after 
anticoagulation for the initial three months. O’ Laughlin et 


al also used stents in the large venous pathways that form 
part of the Fontan circulation. Good results were achieved 
in five patients but follow up was much shorter. 

Implantation of stents into the arterial ducts of sick 
neonates is likely to be technically more demanding than 
implantation in larger patients. These difficulties are high- 
lighted by Gibbs er al in this issue.” They used this 
procedure as a palliative treatment in two patients with 
duct dependent cyanotic heart disease.” Itis vital to implant 
the stent or stents to cover the whole length of the duct 
without protruding into either the pulmonary artery or 
aorta. The variable tortuosity and length of the arterial duct 
can hamper accurate identification of its exact limits. This 
difficulty is increased by the distortion and displacement 
caused when rigid catheters are placed across the duct. 
Optimal screening is essential and good radio-opacity of 
the stent is mandatory if the difficulties reported by Gibbs 
et al are to be avoided. In newborn lambs we found it 
difficult to implant poorly radio-opaque stents of the type 
used by Gibbs et al but radio-opaque stents (both balloon 
expandable and self expanding types) remained patent for 
at least nine months. We found that stent implantation was 
much better than balloon dilatation alone and, like Gibbs ez 
al, we believe that it may avoid the need for neonatal 
systemic to pulmonary artery shunt operations in patients 
with duct dependent cyanotic heart disease. However, we 
witnessed the sudden death of a lamb in which the duct and 
stent were patent at postmortem examination. This inci- 
dent and the sudden deaths in the two patients reported by 
Gibbs et al are disquieting and further evaluation is 
required. 

Stents have also been used for palliation in patients with 
the hypoplastic left heart syndrome. Ruiz implanted stents 
in six patients in the hope of palliation until a heart 
transplant could be performed (personal communication). 
Three patients have undergone heart transplantation but 
the other three died. Ifa suitable donor heart distal does not 
become available those patients will need distal pulmonary 
artery banding or a Norwood procedure. 

There has been much greater experience of stent implan- 
tation in coronary artery disease. In these patients primary 
stent implantation is used for lesions at high risk of 
restenosis or where an occlusive dissection might have 
catastrophic results. The duration of ischaemia produced 
by shorter inflation times and the immediate tacking of the 
dissection against the vessel wali are seen as major advan- 
tages of stents. O’ Laughlin et al’ used stents to tack acute 
balloon induced dissections in two patients in whom they 
had already elected to implant a stent (in a pulmonary 
artery branch in one, and a pulmonary artery conduit in 
another). In addition they also used a stent for this purpose 
in a patient with unexpected aortic dissection after balloon 
dilatation of aortic coarctation. Could primary stent 
implantation for aortic coarctation have advantages over 
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balloon dilatation alone? The stents might prevent acute 
dissections, serve as a barrier to aneurysm formation, and 
reduce the recurrence rate. 

To date stents have been implanted predominantly in 
older children and young adults in whom little or no further 
growth of the relevant vessels is expected. Their use in the 
arterial duct is a notable exception. Intravascular stents of a 
fixed diameter implanted into vessels that are expected to 
_ grow will eventually become rigid “stenoses”? and will 
significantly reduce flow. Balloon dilatation might then not 
be effective and the only option would be surgical excision 
of the stent with conduit interposition. An option that must 
be examined is the implantation of stents with potential 
final diameters that are considerably larger than their 
diameter at implantation. Such stents could be balloon 
expandable or self expanding. Balloon expandable stents 
could then be redilated after the vessel has grown, possibly 
many years later. Indeed O’Laughlin et al were able to 
redilate stents after a few months but it is unlikely that the 
vessels had grown appreciably. They were probably simply 
improving an initially suboptimal result. If a self-expand- 
ing stent with a considerably greater potential diameter 
than the vessel itself were implanted, continued expansion 
of the stent could keep pace with growth of the patient and 
avoid obstruction. However, it is possible that in thin- 
walled structures, acute expansion of such an oversized 
stent could erode the vessel or produce an aneurysm. 
Furthermore, though expansion might proceed at a rate 
similar to the growth of the underlying vessel for a time, the 
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stent could eventually become constrained by peri-intimal 
scarring. Subsequent balloon dilatation would still be 
needed but perhaps later than after implantation of a 
balloon expandable stent. We are currently investigating 
these issues in a growing animal model (lambs). 

At present it seems sensible to restrict stent implantation 
to vessels that have attained their final size or have nearly 
done so. That stent implantation will have an increasingly 
useful role in congenital disease is surely not in doubt. 


ERIC ROSENTHAL 
i SHAKEEL A QURESHI 
Department of Paediatric Cardiology, 
Guy’s Hospital, 
London SE1 9RT 
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Interaction between ventricular loading and 
repolarisation: relevance to arrhythmogenesis 


Peter Taggart, Peter Sutton, Max Lab 


Abnormality of left ventricular wall motion is 
a major predictor of sudden cardiac death in 
patients with coronary disease’? or after 
myocardial infarction.** Death is usually 
caused by arrhythmia.’ Some patients with 
chronic heart failure die as a result of pro- 
found bradycardia and/or asystole® but there 
is also a high incidence of lethal or potentially 
lethal ventricular arrhythmia.” Moreover, 
the incidence of ventricular arrhythmia is high 
in patients with hypertension,’ and in 
patients with aortic stenosis.'* The mechanism 
for the association between wall motion or 
mechanical load abnormality in these patients 
and arrhythmia is unclear. One possibility is a 
direct interaction between mechanical and 
electrical events whereby myocardial load or 
strain influences the electrophysiology’’—that 
is, the excitability and refractoriness of the 
myocardial cells. Such a mechanism has been 
shown in isolated tissues and in animal 
studies! and is now receiving attention in 
humans.” '® This mechanism if present could 
well be implicated in the genesis of human 
arrhythmias” particularly if it could be shown 
that there was a differential response between 
areas of abnormal wall motion and normal 
wall motion, as has been shown in studies of 
dogs with chronically infarcted hearts.” 

To date three studies in humans provide 
evidence for a relation between stretch or 
strain and the electrophysiological behaviour 
of myocardial cells.” '®™ One of these studies 
also shows that abnormality of wall motion 
can significantly modify this relation.” 


Possible arrhythmogenic mechanisms 
There are several ways by which mechanically 
induced electrophysiological effects may be 
arrhythmogenic in the -clinical setting of 
ischaemia, acute infarction, or in hearts 
subject to pressure/volume overload. 


MECHANICALLY INDUCED REACTIVATION 

Regional asynergic or paradoxical wall motion 
occurs early during myocardial ischaemia.” 
Patients who develop an aneurysm within 48 
hours—that is, an area of systolic akinesia or 
dyskinesia with a distinct systolic deformity 
and preserved adjacent wall motion—are par- 
ticularly at risk of sudden death.” It has been 
suggested that because activation of injured 


muscle is slow, it may still be in electrical 
diastole when the surrounding muscle is in 
systole.” As the ventricle contracts the injured 
segment would be stretched and this would 
induce electrical activation in this area.” This 
electrical wavefront would again propagate 
slowly to the surrounding normal tissue, 
which by that time would be no longer refrac- 
tory and so would be reactivated. 


MECHANICALLY INDUCED REENTRY 

An important arrhythmogenic mechanism is 
reentry.” #9 The basic principles underlying 
the development of a reentry circuit may be 
illustrated by the following model. A pro- 
pagating impulse may meet an obstacle—for 
example, infarcted muscle or scar tissue. The 
impulse would then divide into two and pass 
round either side. If conduction around the 
obstacle is impaired, conduction may fail 
down one limb (decremental conduction) and 
be blocked. If the impulse travelling down the 
other limb is slowed it may reach the distal 
part of the blocked limb after a delay which 
has allowed time for the blocked limb to 
become re-excitable. The impulse may then 
travel backwards up this limb and then con- 
tinue round the obstacle in a circular fashion 
following in the wake of the change in muscle 
from the refractory to the excitable state. This 
constitutes a reentry circuit which is auton- 
omous and may take over the activation of the 
ventricle. 


An obstacle does not necessarily need to be 
an anatomical one: it could be created by an 
inhomogeneous alteration in the refractoriness 
in neighbouring fibre groups which may induce 
“functional” unidirectional block. It is 
apparent therefore from the above model that 
factors which create regional differences in 
conduction and excitability would be expected 
to encourage the development of reentry. In 
this context it has been shown that conduction 
block may be induced by local differences in 
refractory period of the order of 11-16 ms in 
atrial tissue” and of the order of 10-20 ms in 
ventricular muscle.” The path of a reentry 
circuit is usually in the border zone between 
scar tissue (or non-conductive muscle) and 
normal myocardium. Local mechanical stress 
has been shown to be magnified by up to four 
times at the junction between normal myo- 
cardium and scar tissue by a process known as 
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stress amplification.” This may exaggerate 
regional electrical inhomogeneity at border 
zones and this territory would be particularly 
susceptible to mechanically induced electro- 
physiological effects. 


ABNORMAL CURRENT FLOW 

Another possibility is abnormal current flow. 
Inhomogeneous wall stress or strain, particu- 
larly marked in the presence of ischaemia” 
could produce local electrical inhomogeneity 
by contraction-excitation feedback. For exam- 
ple one area could have wall motion that is out 
of phase with an adjacent area (dyskinesia). 
The two areas would then generate current by 
virtue of the potential differences created by the 
now out of phase action potentials which would 
stimulate adjacent cells during the period of 
enhanced excitability.” 


AFTERDEPOLARISATIONS 

Early afterdepolarisations are seen as inflections 
of the normal repolarisation phase of the action 
potential.!°7!*" If such inflections are large 
enough they can trigger an early beat and they 
have been implicated in the genesis of arrhyth- 
mias. The interpretation of inflections in the 
downstroke of the monophasic action potential 
that is characteristic of early afterdepolarisa- 
tions, however, is contentious because it is 
impossible to exclude a mechanically induced 
artefact caused by passive electrical changes at 
the tissue/electrode interface.” ** Nonetheless, 
several observations support the possibility 
that these afterdepolarisations are not an arte- 
fact.” Also the monophasic action potential 
electrode reliably records early afterdepolarisa- 
tions in vivo under circumstances known to 
produce them in vitro, when they are recorded 
by microelectrodes.” * 


CELLULAR MECHANISMS 

Cellular mechanisms may involve stretch and 
fibre excursion.” Stretch would invoke a non- 
specific permeability change perhaps via stretch 
activated channels” and fibre excursion would 
invoke a change in intracellular calcium.” It 
may be that enhanced excursion deactivates 
force by reducing the affinity of calcium for 
troponin C. Calcium comes off the myofilaments 
and increases sarcoplasmic concentrations to 
prolong the action potential via electrogenic 
sodium-calcium exchange“ or calcium acti- 
vated currents.” 


Therapeutic relevance 

Electromechanical interactions may be 
relevant to the high incidence of sudden death 
caused by ventricular arrhythmia in patients 
with impaired left ventricular function. Such 
interactions may also be relevant in patients 
with acute ischaemia, in whom local wall 
motion abnormality is a usual early feature.” 
Several factors may interrelate with electro- 
mechanical interaction. For example, arrhyth- 
mia may be initiated by an extrasystole or the 
subsequent beat. Both the extrasystolic and the 
post extra-systolic impulse have an altered 
cycle length and are associated with altered 
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force of contraction. In addition these impulses 
may induce a sudden change in direction of 
propagation which in turn may alter the orien- 
tation of wall stress between areas of normal 
and ischaemic myocardium or between neigh- 
bouring areas of normal and abnormal wall 


motion. 

Therapeutic interventions designed to ma- 
nipulate preload and afterload are now com- 
monly used, as are drugs that influence the 
inotropic state of the ventricle. In fact, load 
reduction, a pure mechanical intervention, may 
turn out to be an antiarrhythmic intervention 
in congestive heart failure.” An important 
consideration would be the relative effects of a 
drug given to alter loading conditions on the 
adjacent normal and abnormal segment of 
ventricle. It may be that such a medication 
would have an antiarrhythmic effect in one area 
and an arrhythmogenic effect in another area 
with a different force-tension velocity profile. 
Understanding of these mechanisms involving 
electromechanical interaction may be import- 
ant for the future development of therapeutic 
strategies. 


1 Weaver WD, Lorch GS, Alvarez HA, Cobb LA. Angio- 
graphic findings and prognostic indicators in patients 
resuscitated from cardiac death. Circulation 1976;54: 
895-900. 

2 Schultz RA, Strauss HW, Pitt B. Sudden death in the year 
following myocardial infarction: relation to ventricular 
premature contractions in the late hospital phase and left 
ventricular ejection fraction. Am J Med 1977;62:192-9. 

3 Multicentre Postinfarction Research Group. Risk stratifica- 
tion and survival after myocardial infarction. N Engi J 
Med 1983;309:331-4. 

4 White HD, Norris RM, Brown MA, Brandt PWT, Whitlock 
RML, Wild CJ. Left ventricular end systolic volume as 
the major determinant of survival after recovery from 
myocardial infarction. Circulation 1987;76:44-51. 

5 Liberthson RR, Nagel EL, Hirschman JC, Nussenfeld SR, 
Blackbourne BD, Davis JH. Pathophysiologic observa- 
tions in prehospital vencricular fibrillation and sudden 
cardiac death. Circulation 1974;49:790-8. 

6 Luu M, Stevenson WG, Stevenson LW, Baron K, Walden J. 
Diverse mechanisms of unexpected cardiac arrest in 
advanced heart failure. Circulation 1989;80:1675—-80. 

7 Bigger JT. Prevalence and possible mechanisms of ven- 
tricular arrhythmias in congestive heart failure. Royal 
Society of Medicine Services. Round table series. New 
perspectives in cardiovascular medicine No 4. Arrhyth- 
mias in heart failure, new frontiers, 1988:1 1-27. 

8 Califf RM, McKinnis RA, Burks J, et al. Prognostic impli- 
cations of ventricular arrhythmias during 24 hour 
ambulatory monitoring in patients undergoing cardiac 
catheterization for coronary artery disease. Am J Cardiol 
19823;50:23-31. 

9 Swerdioe CD, Winkle RA, Mason JW. Determinants of 
survival in patients with ventricular tachyarrhythmias. 
N Engl J Med 1983;308:1436—-42. 

10 Huang SK, Messer JV, Denes P. Significance of ventricular 
tachycardia in idiopathic dilated cardiomyopathy; 
observations in 35 patients. Am J Cardiol 1983;51:507-12. 

11 WHO. Sudden cardiac death. Report of a WHO scientific 
group. WHO technical report series. 1985:726. 

12 Sideris DA. The importance of blood pressure in the 
emergence of arrhythmias. Eur Heart J 1987;8 (Suppl 
D}: 129-31. 

13 James MA, Jones JV. Ventricular arrhythmia in untreated 
newly presenting hypertensive patients compared with a 
matched normal population. J Hypertens 1989;7:409-15. 

14 Olshausen K, Schwartz F, Appelbach J, Rohrig N, Kramer 
B, Kubler W. Determinants of the incidence of severity of 
ventricular arrhythmias in aortic valve disease. Am J 
Cardiol 1983;51:1 103-9. 

15 Lab MJ. Contraction-excitation feedback in myocardium: 
physiological basis and clinical relevance. Circ Res 1982; 
§0:757--66, 

16 Franz MR, Burkhoff D, Yue DT, Sagawa K. Mechanically 
induced action potential changes and arrhythmia in iso- 
rae in situ canine heart. Cardiovasc Res 1989;23: 

17 Levine JH, Guarnieri T, Kadish AH, White RI, Calkins H, 
Kan JS. Changes in myocardial repolarisation in patients 
undergoing balloon valvuloplasty for congenital pulmon- 
ary stenosis: evidence for contraction-excitation feedback 
in humans. Circulation 1988;77:70-7. 

18 Taggart P, Sutton PMI, Treasure T, er al. Monophasic 
action potentials at discontinuation of cardiopulmonary 
bypass: evidence of contraction-excitation feedback in 

man. Circulation 1988;77:1266-75. 


Interaction between ventricular loading and repolarisation: relevance to arrhythmogenasis 


19 Dean JW, Lab MJ. Arrhythmia in heart failure: the role 
of mechanically induced changes in electrophysiology. 
Lancet 1989;4:1309-12, 

20 saree Maughan L, Weisman HF, Sugiura S, Sagawa K, 

. Effects of acute volume load on refractoriness 
a Bruma development in isolated chronically infar- 
cted canine hearts. Circulation 1989;79:687-97. 

21 Taggart P, Sutton P, John R, Lab M, Swanton H. Mono- 
phasic action potential recordings during acute changes in 
ventricular loading induced by the Valsalva manoeuvre. 
Br Heart J 1992;67:221--9, 

22 Tyberg JV, Forrester JS, Parmley WW. Altered segmental 
function and compliance in acute myocardial ischemia. 
Eur J Cardiol 1974;1:307-17. 

23 a reas JS, Wyatt HL, da Luz PL, Typerg JV, Diamond 
GA, Swan HJC. Functional cance of regional 
ischemic contraction abnormalities. Circulation 1976; 
54:64-70. 

24 Eaton LW, Weiss JL, Bulkey BH, Garrison JB, Weisfeldt 
ML. Regional cardiac dilatation after acute myocardial 
infarction: recognition by two-dimensional echocardio- 
graphy. N Engl J Med 1979;300:57-62. 

25 Meizlish JL, Berger HJ, Plankey M, Errico D, Levy W, 
Zaret BL. Functional left ventricular aneurysm formation 
after acute transmural myocardial infarction. N Engl J 
Med 19843311:10014. 

26 Han J, Moe GK. Nonuniform recovery of excitability in 
ventricular muscle. Circ Res 1964;14:44-60. 

27 Hansen DE, Craig CS, Hondeghem LM. Stretch-induced 
arrhythmias in isolated canine ventricle. Evidence for the 
importance of mechanoelectrical feedback. Circulation 
1990;81:1094-105. 

28 Kuo CS, Munakata K, Reddy CP, Surawicz B. Characteris- 
tics and possible mechanism of ventricular arrhythmia 
dependent on the dispersion of action potential durations. 
Circulation 19833;67:1356-67. 

29 Janse MJ, Wit AL. Electrophysiological mechanisms 

of ventricular arrhythmias resulting from myocardial 
ischemia and infarction. Physiol Rev 1989;69: 1049-1 169. 

30 Allessie MA, Bonke FIM, Schopman FJG. Ci 
movement in rabbit atrial muscle as a mechanism of 
tachycardia: H. The role of nonuniform recovery of 
excitability in the occurrence of unidirectional block, as 
studied with multiple microelectrodes. Circ Res 1976; 
39:168-77. 

31 Gough WB, Mehra R, Restivo M, Zeiler RH, El-Sherif N. 


215 


Reentrant ventricular arrhythmias in the late myocardial 
infarction period in the dog: 13 correlation of activation 
and refractory maps. Cire Res 1985;57:432—-42. 

32 Bogen DK, Rabinowitz SA, Needleman A, McMahon TA, 
Abelmann WH. An analysis of the mechanical disadvan- 
tage of myocardial infarction in the canine left ventricle. 
Circ Res 1980;47:728-41. 

33 Hoffman BF, Cranefield PF, Lepeschkin E, Surawicz B, 
Herlich HC. Comparison of cardiac monophasic action 
potentials recorded by intracellular and suction elec- 
trodes. Am J Phystol 1959;196:1297-301. 

34 Olsson SB, Edvardsson N, Hirsch I, Blomstrom P. Meth- 
odological aspects of invasive evaluation of myocardial 
repolarisation. In: Butrous GS, Schwartz PJ, eds. Climcal 
aspects of ventricular repolarisation. London: Farrand 
Press, 1989:67-79. 

35 Calkins H, Maughan WL, Kass DA, Sagawa K, Levine JH. 
Electrophysiological effect of volume load in isolated 
canine hearts. Am J Physiol 1989;256:1697~706. 

36 Lab Mj. Contribution of mechano-electric coupling to 
ventricular arrhythmias during reduced perfusion. Int J 
Microare Chn Exp 1989;8:433-42. 

37 El-Sherif N, Zeiler RH, Craelius W, Gough WB, Henkin R. 
QTU prolongation and polymorphic ventricular tachy- 
arrhythmias due to bradycardia-dependent early after- 
depolarizations. Afterdepolarizations and ventricular 
arrhythmias. Cire Res 1988;63:286-305. 

38 Levine JH, Spear JF, Guarnieri T, st al. Cesium chloride 
induced long T syndrome: demonstration of after- 
depolarizations and triggered activity in vivo. Circulation 
1985;72:1092-103. 

39 Craclius W, Chen V, El-Sherf N. Stretch activated ion 
channels in ventricular myocytes. Biosci Rep 1988;8: 
407-14. 

40 Lab MJ, Allen DG, Orchard CH. The effects of shortening 
on myoplasmic calcium concentration and on the action 
potential in mammalhan ventricular muscle. Circ Res 
1984;55:825—-9. 

41 Mullins LJ. The generation of electric currents in cardiac 
fibres by Na/Ca exchange. Am J Physiol 19793;236:103—10. 

42 Colquhoun D, Neher E, Reuter H, Stevens CF. Inward 
current channels activated by intracellular calcium in 
cultured cardiac cells. Nature 1981;294:752-4. 

43 Webster MWI, Fitzpatrick MA, Nicholls MG, Ikram H, 
Wells JE. Effect of enalapril on ventricular arrhythmias in 
congestive heart failure. Am J Cardiol 1985;56:566—9, 


216 


Division of 
Cardiology, 
Department of 
Medicine, Oulu 
University Central 
Hospital, Oulu, 
Finland 


H V Huikuri 

S Yli-Mayry 

KE J Airaksinen 
M J Ikaheimo 

M K Linnaluoto 
J T Takkunen 


Correspondence to 

Dr Heikki V Huikuri, 
Division of Cardiology, 
Department of Medicine, 
Oulu University Central 
Hospital, 90220 Oulu, 
Finland 


Accepted for publication 
15 August 1991 


Br Heart J 1992;67:216-20 


Clinical and angiographic prediction of cardiac 
death after coronary artery bypass graft surgery 


Heikki V Huikuri, Sinikka Yli-Mayry, K E Juhani Airaksinen, Markku J Ikäheimo, 


Markku K Linnaluoto, Juha T Takkunen 


Abstract 

Objectives—To study the risk factors 
for cardiac mortality after coronary 
artery bypass graft surgery. 

Design and Setting—Follow up study 
of patients who had undergone coronary 
artery bypass graft surgery at the 
University Hospital of Oulu, Finland. 

Patients and Interventions—339 con- 
secutive patients who underwent cardiac 
catheterisation three months after by- 
pass surgery. 

Main Outcome Measures —Incidence 
of cardiac deaths during the follow up 
period of five years and predictive value 
of clinical and angiographic variables 
for subsequent cardiac mortality. 

Results—The incidence of cardiac 
deaths was 5:1%, and 81% of these were 
sudden deaths. The postoperative ejec- 
tion fraction was significantly lower in 
the patients with subsequent cardiac 
death than in the survivors (p < 0-001), 
and their left ventricular end systolic 
and end diastolic volumes were higher 
(p < 000l and p < 005 respectively). 
The incidence of cardiac deaths was 43% 
in the patients with a postoperative ejec- 
tion fraction of <40%. The myocardial 
jeopardy index after surgery and the 
rate of graft patency were not signifi- 
cantly different in the survivors and 
patients who died. The only clinical fac- 
tors that were different between the 
groups were postoperative use of di- 
uretics (p < 0-001) or digitalis (p = 0-02). 
After adjustment for other prognostic 
variables by the proportional hazards 
method, a low postoperative ejection 
fraction remained significant as a pre- 
dictor of the relative risk of cardiac 
mortality five years after operation 
(p < 0°01). 

Conclusions—Patients with angio- 
graphic evidence of impaired left ven- 
tricular function after bypass surgery 
are still at relatively high risk of dying 
suddenly, but myocardial ischaemia due 
to incomplete revascularisation is not 
strongly associated with an increased 
risk of cardiac mortality. Conventional 
clinical methods do not seem to be help- 
ful for identifying patients with an 
increased risk of cardiac death after 
bypass surgery. 


Many patients with ischaemic heart disease 
are presently treated by coronary artery 
bypass graft surgery to improve survival and 
relieve symptoms. Coronary artery bypass 
surgery may have beneficial effects on survival 
in those patients who have signs of impaired 
left ventricular function or severe coronary 
artery disease or both in preoperative angio- 
graphic studies.’ Revascularisation effectively 
abolishes myocardial ischaemia and left ven- 
tricular function may also be altered after 
surgery.* The risk profile for the patients 
may thus change significantly after bypass 
operation. 

We have prospectively followed up 339 
patients in whom clinical and angiographic 
features had been assessed before and three 
months after bypass surgery. Our main pur- 
pose was to evaluate the postoperative risk 
factors for subsequent cardiac mortality dur- 
ing the five years after operation. Knowledge 
of these risk factors could allow new strategies 
to be developed to improve the survival of 
patients after revascularisation surgery. 


Methods 

PATIENTS 

The patient population consisted of 339 
consecutive patients who were treated by 
coronary artery bypass graft surgery in our 
department and who gave their informed con- 
sent for recatheterisation at three months after 
operation. They were subsequently followed 
up for five years. Eight patients had refused 
recatheterisation, and were excluded from the 
consecutive series. Tables | and 2 show the 
preoperative and postoperative clinical 
features of the patients. 


CARDIAC CATHETERISATION AND ANGIOGRAPHIC 
STUDIES 
The preoperative and postoperative selective 
coronary artery and bypass graft angiograms 
were performed on multiple projections in- 
cluding caudal and cranial views and were 
interpreted as described earlier. Luminal 
narrowings of the coronary arteries or bypass 
grafts >50% were regarded as significant 
lesions. Left ventricular volumes were quan- 
tified by biplane left ventricular cineangio- 
graphy.° The ejection fraction was calculated 
by the biplane area-length method. 

We used the myocardial jeopardy index to 
quantify the extent of the myocardium at risk 


Table 1 Preoperative and perioperative data 


Vanical and angiographic prediction of cardiac death after coronary artery bypass graft surgery 
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Se ee 


Data Alive (n= 316) Cardiac death (n=17) 
eee O O S 
A aD Chnical data 
ge (mean (SD) yr) 50 (7) 51 (9 
Sex (F/M) 37/279 ahis i 
I 6 (Oto 4%) ff E 
0 to 29% 
a 45 (10 to 19%) 1 (Oto 298%} 
183 (53 to 64%) 6 (14t0 62%) 
IV 82 (21 t0 31%) 4 ( 7to50%) 
P ey CHF 63 (15 to 24%) 4 ( 7t050%) 
0 l 156 (45 to 56%) 6 (1410 62% 
; a 114 (31 10 42%) 8 (23to 72%) 
Medana: 46 (10 to 20%) 3 ( 410 43%) 
Digitalis 10 a 
Dea. . eh to a P 8 (23to 72%) 
: (22 to } 10 (33 to 82%)* 
B Blocking agent 282 (88 to 93%) 13 (50 to 93%) 
Calcium antagonist 166 (48 to 59%) 12 (44to 90%) 
Ri lacoste Soles 12 (2to 7%) 2 ( 1to 36%) 
Q waves l 106 (30 to 41%) 9 (28 to 77% 
Bundle branch block 20 ( 4to 10%) 2 1 to 3694) 
A) 
LVH 12 ( 2to 7%) l ? 0 to 29%) 
x Ray film: 
Cardiac enlargement 101 (27 to 38%) 8 (23 to 72%) 
Congestion 7 ( lto 5%) 0 ( 0to 20%) 
Angiographic data 
Coronary angiogram 
1 Vessel disease 38 ( 8to 16%) 0 ( 0t020%) 
2 Vessel disease 97 (25 to 36%) 6 (14to 62%) 
ahaa oe 181 (53 to 64%) 11 (38 to 86%) 
LVEDP (mm Hg) 14(SD 6) (131015) 20 (SD 6) (17 to 23)** 
LVESVI (allima 34 (SD 23) (31 to 37) 49 (SD 22) (38 to 60)* 
LVEDVI (mlm 83 (SD 60) e to 90) 93 (SD 24) (81 to 105) 
as 58 (SD 11) (57 to 59) 49(SD 13) (42 to 56)* 
n score: 
7-8 236 (71 to T 7 (18 to 67%) 
9-11 41 (9to17% 6 (14 to 62%) 
12 or more 39 ( 8to 16%) 4 (7to 50%) 
Perioperative data 
No of inserted grafts 3-0(SD 1:0) (2-9-3-1) 3:3 (SD 0:9) (2-6 to 4:0) 
Use of IMA graft 107 (30 to 39%) 2 ( 1t0 36%) 
Q wave infarction 10 (2to 6%) 2 ( 1to 36%) 
Other complications 108 (29 to 40%) 8 (23 to72%) 
Aortic cross clamp (min) 84 ten 81 to 87) 91 (SD 21) re to 102 
Maximal creatine kinase MB (U/l) 67 (SD 88) (57 to 77) 79 (SD 66) (45 to 113 


*p < 0-05; **p < 0-01. 


95% Confidence intervals for the means and frequencies in parenth 
ion; LVH, left ventricular DperoD ay: LVEDP, left ventricular end 


CHF, congestive heart failure; MI, myocardial 1 


diastolic pressure; LVESVI, left ventricular end systolic volume index; LVEDVI, I 


ventricular end diastolic volume index; 


LVEF, left ventricular ejection fraction; IMA, internal mammary artery. 


of ischaemia after bypass surgery. Anterior 
myocardial jeopardy was when the stenotic 
(>50%) left anterior descending coronary 
artery without a patent bypass graft was sup- 
plying a normal or hypokinetic anterior or 
septal left ventricular wall segements, or both. 
Inferior jeopardy was present when the sten- 
otic right coronary artery without a patent 
bypass graft was supplying a normal or 
hypokinetic (“‘viable’’) inferior left ventricular 
segment; and posterior jeopardy was when the 
stenotic left circumflex coronary artery with- 
out a patent bypass graft was supplying a 
viable posterior left ventricular segment. The 
range of the jeopardy index was from 0 (no 
jeopardy) to 3 (all segments in jeopardy). 

The left ventricle was divided into five seg- 
ments on the right anterior oblique projection 
(anterobasal, anterolateral, apical, diaphrag- 
matic, and posterobasal), and into two seg- 
ments on the left anterior oblique projection 
(posterobasal, septal). Each segment was 
coded for wall motion as normal (1 point), 
hypokinetic (2 points), akinetic (3 points), or 
dyskinetic (4 points). The sum of the points 


for each segment was used as a scoring system 
for left ventricular contractility as follows: 
7 or 8 points, normal or mild contraction 
abnormality; 9-11, moderate contraction ab- 
normality; more than 12, severe contraction 
abnormality. 


PERIOPERATIVE DATA 

Aortic cross clamping time and maximal 
creatine kinase MB release into plasma after 
operation were determined in each patient. 
Perioperative complications, including low 
output syndrome, reoperation due to bleed- 
ing, electrocardiographic conduction distur- 
bances, atrial fibrillation, and signs of 
post-pericardiotomy syndrome were also 
noted. Perioperative myocardial infarction 
was defined as new occurrence of Q waves in 
the electrocardiogram. 


FOLLOW UP 

A questionnaire was sent to all patients. If a 
complete answer was not received the patients 
or their relatives or primary physicians were 
contacted by telephone. The cut off point for 
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Table2 Postoperative data 


Data Alive (n= 316) Cardtac death (n= 17) 
Ot lth 
Clinical data 

I oa 128 (34 to 46%) 2 ( 1to 36%) 
II 139 (39 10 50%) 12 (4410 90 %) 

Ill 46 (111 19%) 1 (Ito 36%) 

IV 3 (0m 3%) I ( 0 to 29%) 
Symptoms of CHF 47 (11 to 19%) 6 (14 to 62%) 
Medication: 

Digitalis 123 (34 to 45%) 13 39 to 93%)* 

Diuretic 77 (19 10 30%) 13 (50 to 93% )** 

B Blocking agent 265 (80 to 88%) 12 (44to 90%) 

Calcium antagonist 63 (15 to 24%) 0 (01020 7) 

Antiplatelet agent 166 (47 to 59%) 6 (l4 to 62%) 

Anticoagulant 150 (42 to 53%) 11 (38 to 86%) 

Smoking history: 

Nena > 77 (19 to 30%) 5 (1010 56%) 

Ex-smoker 189 (55 to 65%) 10 (33 to 82%) 

Smoker 50 (11 to 21%) 2 ( 7to 50%) 
Hypertension 66 (17 to 26%) 4 (710 50%) 
Diabetes 17 ( 3to 8%) 2 ( 10 36%) 
Cholesterol (mmol/l) 7T0(SD 1:4) (6-8-72) 6:6 (SD 1-6) (5-8-7-4) 
High density lipid cholesterol (mmol/l) 1:0 (SD 0-3) (0-9-1-0) 1:0 (SD 0:2) (0:9-1-1) 
Triglycerides (mmol/l) 2:2(SD 1:4) (2-0-2-4) 2:2 (SD 1-4) (1-5-2-9) 
Electrocardiogram: 

Q waves 116 (32 to 42%) 11 (38 to 86%) 

Bundle branch block 25 ( Stoll%) 3 ( 4t0 43%) 

LVH 12 ( 2to 7%) 1 ( 0to29%) 

x : 
Tiad 145 (40 to 51%) 12 (44 to 90%) 
Congestion 6 ( lto 4%) 1 ( 0to29%) 
Angiographic data 
Graft patency 79 (SD 26) (76 to 82) 73 (SD 29) (58 to 87) 
Jeopardy score 
152 (43:10 51%) 6 (1410 62%) 

I 127 (34 to 46%) 5 (1010 56%) 

2 33 ( 7w 15%) 5 (10 t0 56%) 

3 4 (0w 3%) 1 ( 0t0 29%) 

Left ventriculogram: 

LVEDP (mm Hg) 14(SD5) (131015) 20 (SD5) (17 to 23)** 

LVESVI (ml =) 35 SD 22) (33 to 37) 65 (SD 38) (45 to 85)** 

LVEDVI (ml/m 80 (SD 57) (74 to 86) 102 (SD 42) (80 to 124) 

LVEF (%) 58 (SD 12) (57 to 59) 40 (SD 15) (32 to 48) 
Contractility score: 

7-8 233 (69 to 79%) 6 (1410 62%) 

9-1] 41 (10to 17%) 5 (10 to 56%) 

12 Or more 42 (10 to 17%) 6 (1410 62%) 


ee 0-05; **p < 0-01. 
nfidence intervals in parenthesis. Abbreviations as in table 1. 


the follow up was five years. When the patient 
died we reviewed the patient records and 
necropsy data (if available) and questioned 
witnesses about events preceding the death. 
Deaths were classified as cardiac or non-car- 
diac. Cardiac deaths were classified as sudden 
if the death occurred within one hour of the 
onset of symptoms and as non-sudden if it 
occurred more than one hour after the onset. 


STATISTICAL ANALYSIS 

Differences in data between the survivors and 
the patients who died from cardiac causes 
during the follow up were analysed by y’ 
techniques for discrete variables and the two 
sample ¢ test for continuous variables, which 
were expressed as mean (SD). The propor- 
tional hazards method of Cox was used to 
adjust for covariates of survival. The cut off 
points for dividing ejection fraction and graft 
patency into categories were decided before 
the statistical analyses of the data. Cumulative 
survival curves were calculated by the 
Kaplan-Meier method, and the log rank sum 
test was used to assess the statistical differ- 
ences between the survival curves. Statistical 
procedures were carried out with SAS/STAT 
(SAS Institute Inc, Cary, NC, USA) soft- 
ware, 


Results 

During the follow up there were 17 cardiac 
deaths (5:1%). Fourteen of these (81%) were 
sudden deaths and three were non-sudden. Six 
patients died from non-cardiac causes. Tables 
1 and 2 show the preoperative and post- 
operative clinical and angiographic data of 
patients who survived and those who suffered 
cardiac death. 


PREOPERATIVE AND PERIOPERATIVE DATA 
Preoperative use of diuretic treatment was 
more common in the patients who died after 
surgery than in the survivors; but there were no 
other preoperative clinical features that differed 
between the groups. Preoperative ejection frac- 
tion was lower in the patients who died than in 
the survivors and abnormalities of left ventri- 
cular contraction and increased left ventricular 
end diastolic pressure were also more common. 
The preoperative clinical or angiographic 
severity of coronary artery disease was similar 
in both groups. 

None of the perioperative data differed be- 
tween the cardiac death patients and survivors. 
Only two patients with subsequent death had 
Q wave perioperative myocardial infarction, 
but new abnormalities in wall motion were 
detected in five out of 17 patients. 


Clinical and angiographic prediction of cardiac death after coronary artery bypass graft surgery 


Cumulative survival 
curves (solid lines} (95% 
confidence intervals as 
dotted lines) of the 
patients with a 
postoperative ejection 
fraction (EF) of <40% 
and those with an EF of 

> 40%. The survival 
curves were senificantly 
different between the groups 
at five years after coronary 
artery bypass surgery 

(p < 0-001). 
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POSTOPERATIVE DATA 

Treatment with digitalis and diuretic drugs 
was more common three months after surgery 
in the patients who died than in the survivors. 
Clinical heart failure tended to be less common 
in survivors (p = 0-05), though the functional 
class did not differ significantly between the 
groups (table 2). 

Postoperative left ventricular volumes and 
left ventricular end diastolic pressures were 
significantly higher and ejection fractions lower 
in those who died, and abnormalities of left 
ventricular wall motion were more common. 
The left ventricular end systolic volume index 
increased from a mean (SD) of 49 (22) to 65 (38) 
ml/m? (p < 0-05) and the ejection fraction 
decreased from 49 (13) to 40 (15)% (p < 0-05) 
in patients who died of cardiac causes after 
surgery, whereas left ventricular function 
remained unchanged in the survivors. The 
postoperative myocardial jeopardy index did 
not differ between the groups, nor did the rate of 
graft patency. Twenty eight patients had an 
ejection fraction <40% after bypass surgery, 


and 12 (43%) of these patients died of cardiac 


causes during the follow up. Only five patients 
with subsequent cardiac death had a pre- 
operative ejection fraction <40%. Cumulative 
survival was significantly lower in the patients 
in whom the postoperative ejection fraction 
was <40% than in those in whom it was 
> 40% (figure). Eleven (31%) of the patients 
with a postoperative end systolic volume index 
>50 ml/m’ after surgery died from cardiac 
causes. 

After adjustment for prognostic variables by 


Table 3 Cox regression analysis and proportional hazard functions 








Frve year Standard error 
Covariate coefficients of coefficients p Value 
Angiographic: 
Postoperative EF 0-08 0-03 0-001 
> 1 occluded graft 0-19 0-53 0-7 
Aneta i 0-90 0-82 0-28 
pectoris : 
Symptoms of CHF 0-15 Ree ae 
Di itali 0-24 . A 
Diuretic usage 1-65 0-69 0-02 


FE ro nnn nn mmm Ass AAAA i 
EF, ejection fraction; CHF, congestive heart failure. 
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the proportional hazards method, a low post- 
operative ejection fraction remained significant 
in predicting the risk of cardiac mortality five 
years after surgery (table 3). 


Discussion 

The angiographically determined degree of left 
ventricular dysfunction after coronary artery 
bypass surgery was most closely associated 
with an increased risk of cardiac death during 
the first five years after operation. Although the 
largest survival benefit from revascularisation 
has been reported in patients with reduced 
preoperative ejection fraction, the present 
data show that the risk of cardiac death still 
remains relatively high in patients with 
impaired ventricular function after revascular- 
isation. The state of left ventricular function 
has been identified as the most important risk 
factor for cardiac mortality in almost all surveys 
of prognostic indicators in patients with coron- 
ary artery disease.’*"* So far there has been 
little information, however, on the prognostic 
importance of left ventricular function assessed 
after the abolition of ischaemia by revascular- 
isation. The contribution of reversible 
ischaemic left ventricular dysfunction to a low 
preoperative ejection fraction in previous 
studies has been largely unknown, and thus 
probably accounts for a beneficial effect of 
revascularisation on survival. Some patients 
may have continuing myocardial ischaemia 
which results in abnormalities of wall motion at 
the time of the preoperative ventriculogram 
and all abnormalities may not necessarily reflect 
irreversible scarring of the left ventricle. 

Left ventricular function had deteriorated 
after bypass surgery in many patients who 
subsequently died. Thus perioperative myo- 
cardial damage had occurred in these patients. 
Perioperative infarction, incomplete revas- 
cularisation, acute graft occlusions, technical 
difficulties leading to long aortic cross clamping 
times, and inadequate myocardial protection 
may all give rise to impairment of ventricular 
function. Perioperative Q wave infarctions 
were fairly uncommon, but new abnormalities 
of left ventricular contraction were detected in 
five of 17 patients who later died. It is obvious 
that small perioperative infarctions or diffuse 
myocardial damage often remain undetected 
after operation. Some institutional factors such 
as surgical and myocardial preservation tech- 
niques may influence the outcome after opera- 
tion. In any case, the present data emphasise 
the importance of developments in protection 
from perioperative myocardial damage, 
especially with high risk patients in whom left 
ventricular contractility is impaired before 
operation. 

Conventional clinical methods after surgery 
were not very helpful for identifying patients 
who would subsequently die of cardiac causes. 
The functional state of the patients after opera- 
tion did not reliably identify the increased risk 
of cardiac death, although those who later died 
tended to have symptoms of heart failure more 
often than those who survived. Previous 
research had indicated that the severity of 
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symptomatic heart failure correlates poorly 
with the ejection fraction or other indices of left 
ventricular function." '6 Thus impaired left 
ventricular function may not be easy to recog- 
nise clinically despite its adverse prognostic 
significance. The patients who died were more 
likely to be taking digitalis and diuretic drugs 
than those who survived. This association may 
not be related to the medications themselves, 
but rather reflects more frequent episodes of 
past clinical heart failure. 

The extent of the myocardium still at 
jeopardy after revascularisation was not 
strongly associated with increased cardiac mor- 
tality, although the small number of events 
prevents definite conclusions being reached, the 
present data suggest that myocardial ischaemia 
may not be crucial in the initiation of cardiac 
death during the first years after surgery, when 
the graft occlusions are infrequent. The com- 
mon clinical risk factors attached to athero~ 
sclerosis, such as smoking, hypertension, and 
lipid profile, did not distinguish between the 
survivors and those who died. Atherosclerosis 
of bypass grafts usually accelerates later than 
five years after surgery, which perhaps 
explains the lack of association between the risk 
factors for atherosclerosis and cardiac death in 
this series. 

Consistent with previous large trials, the 
incidence of cardiac deaths after bypass surgery 
was relatively low in this study. Despite the 
small number of patients who died, a high risk 
subgroup could be identified—namely, those 
with a low postoperative ejection fraction. 
Some variables that were not measured here— 
for example, data from exercise testing, 
ambulatory monitoring, and signal averaging 
electrocardiographic and invasive electro- 
physiological evaluation might give more infor- 
mation about the risk of death after operation. 
Most of the deaths recorded here were in fact 
unexpected sudden deaths. It may be that 
bypass surgery does not abolish the substrate 
for sustained ventricular tachycardia, which 
may play an important part in the initiation of 
fatal events.” The extent to which invasive or 
non-invasive assessment of susceptibility to 
uncontrollable arrhythmias could further iden- 


tify a smaller group of very high risk patients 
within those patients with impaired left ven- 
tricular function after bypass surgery remains 
unknown. 


This work was supported in part by the Paavo Nurmi 
Foundation for Cardiovascular Research, Helsinki, Finland. 
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Monophasic action potential recordings during 
acute changes in ventricular loading induced by 


the Valsalva manoeuvre 


Peter Taggart, Peter Sutton, Roy John, Max Lab, Howard Swanton 


Abstract 

Objective—The strong association 
between ventricular arrhythmia and 
ventricular dysfunction is unexplained. 
This study was designed to investigate 
a mechanism by which a change in 
ventricular loading could alter the time 
course of repolarisation and hence re- 
fractoriness. A possible mechanism may 
be a direct effect of an altered pattern of 
contraction on ventricular repolarisa- 
tion and hence refractoriness. This 
relation has been termed contraction- 
excitation feedback or mechano-electric 
feedback. 

Methods—Monophasic action poten- 
tials were recorded from the left ven- 
tricular endocardium as a measure of 
the time course of local repolarisation. 
The Valsalva manoeuvre was used to 
change ventricular loading by increasing 
the intrathoracic pressure and impeding 
venous return, and hence reducing ven- 
tricular pressure and volume (ventricu- 
lar unloading). 

Pattents—23 patients undergoing 
routine cardiac catheterisation pro- 
cedures: seven with no angiographic 
evidence of abnormal wall motion 
or history of myocardial infarction 
(normal), five with a history of myo- 
cardial infarction but with normal wall 
motion, and 10 with angiographic 
evidence of abnormal wall motion—with 
or without previous infarction. One 
patient was a transplant recipient and 
was analysed separately. 

Setting—Tertiary referral centre for 
cardiology. 

Results—In patients with normal 
ventricles during the unloading phase of 
the Valsalva manoeuvre (mean (SD)) 
monophasic action potential duration 
shortened from 311 (47) ms to 295 (47) 
ms (p < 0-001). After release of the 
forced expiration as venous return was 
restored the monophasic action potential 
duration lengthened from 285 (44) ms to 
304 (44) ms (p < 0:0001). In the group 
with evidence of abnormal wall motion 
the direction of change of action 
potential duration during the strain 
phase was normal in 7/21 observations, 
abnormal in 6/21, and showed no clear 
change in 8/21. During the release phase 
11/20 observations were normal, five 


abnormal, and four showed no clear 
change. In those with myocardial 
infarction four out of five patients had 
changes that resembled those with 
normal ventricles but the changes 
were less pronounced. There were no 
differences in any of the three groups 
between the changes in monophasic 
action potential duration in patients 
taking f blockers and those who were 
not. The changes in monophasic action 
potential duration in the transplanted 
heart resembled those in the group with 
normal ventricles. Inflections on the 
repolarisation phase of the monophasic 
action potential consistent with early 
afterdepolarisations were seen in three 
of the patients with abnormal wall 
motion and in none of those with normal 
wall motion. 

Conclustons—These results are 
further evidence that changes in 
ventricular loading influence repolarisa- 
tion. When wall motion was abnormal 
the effects on regional endocardial 
repolarisation were often opposite in 
direction to those when it was normal. 
Thus regional differences in wall motion 
could generate local electrophysiological 
inhomogeneity which may be relevant to 
the association of arrhythmia with 
impaired left ventricular function. 


There is a strong association between sudden 
cardiac death and abnormal ventricular wall 
motion in patients with coronary artery 
disease.’” The severity of impairment of left 
ventricular function is a major predictor of 
mortality after myocardial infarction’®* and 
patients developing an aneurysm within 48 
hours are at particular risk.* Death is generally 
considered to be due to arrhythmia and there 
is a strong correlation in these patients be- 
tween abnormal wall motion and ventricular 
arrhythmia.** Patients with volume or pres- 
sure overload such as aortic valve disease"! or 
dilated cardiomyopathy” commonly have 
ventricular arrhythmia. Though in some 
patients with congestive cardiac failure death 
ig due to electromechanical uncoupling, 
sudden death in these patients is also partly 
due to the increased incidence of ventricular 
arrhythmias." The explanation itok 
the association between abnormality: 
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ventricular wall motion and serious 
arrhythmia, however, is unclear. 

One possible mechanism may be a direct 
effect of ventricular loading on the time course 
of repolarisation and hence refractoriness. 
This mechanism is known as contraction- 
excitation feedback! (or mechano-electric 
feedback). 

A change in the normal time sequence of 
repolarisation alters local electrical gradients 
and is potentially arrhythmogenic.”’ It is 
known that areas of myocardium where wall 
motion is abnormal contract differently from 
normal areas. It would be expected 
therefore that the effect on repolarisation 
time in abnormally contracting and normally 
contracting areas of myocardium would be 
different. In the presence of abnormal wall 
motion local electrical gradients may be 
generated which might play a part in the 
initiation oof arrhythmias in these 
circumstances. 

Several studies have examined contraction- 
excitation feedback in some detail and such 
feedback has been shown in isolated tissues,” 
isolated hearts”? and whole animals.?!** In 
general these studies have shown that increas- 
ing myocardial stretch/strain or increasing 
loading conditions result in shortening of 
action potential duration (ie repolarisation 
time)'*”! altered refractoriness” %7 and ar- 
rhythmia formation.*»***” Until recently” 
there has been no evidence for the existence of 
this phenomenon in humans. In the present 
study we used the Valsalva manoeuvre to 
change ventricular loading within the 
physiological range in patients undergoing 
routine cardiac catheterisation for chest 
pain.” We recorded monophasic action 
potentials from the left ventricular endo- 
cardium as a measure of repolarisation®”™” in 
patients with angiographic evidence of wall 
motion abnormality and in those without. 

The aims of this study were (a) to see 
whether pressure/volume. changes influence 
the timing of regional ventricular endocardial 
repolarisation and to seek evidence that 
changes in ventricular loading influence the 
timing of repolarisation; (6) to see whether 
patients with abnormal wall motion and those 
with normal wall motion respond differently; 
(c) to see whether there are any electro- 
physiological changes that would be in 
Keeping with those required for arrhythmia 
generation. 


Patients and methods 

We recorded the left ventricular monophasic 
action potential, arterial pressure, and the 
routine electrocardiogram in patients under- 
going routine cardiac catheterisation for chest 
pain or, in one patient, routine left ventricular 
biopsy after heart transplantation. 


PATIENTS 

‘Twenty three patients (table 1) were selected at 
random from the waiting list including one 
(patient 23) admitted for routine biopsy after a 
heart transplant. The patients were divided 
into three groups: 
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Group 1—Those with no demonstrable 
angiographic abnormality—that is, normal 
(n = 7). 

Group 2—Those with normal wall motion 
but a history of myocardial infarction and 
therefore possible abnormality of left 
ventricular wall motion not detectable by the 
methods used in this study (n = 5). 

Group 3—Those with angiographic evidence 
of abnormal left ventricular wall motion either 
with or without previous history of myocardial 
infarction (n = 10). 

The transplant patient was analysed 
separately. The study was approved by the 
hospital ethics committee and informed con- 
sent obtained. 


METHOD OF EVALUATION OF LEFT VENTRICULAR 
WALL MOTION FROM LEFT VENTRICULAR 
CINEANGIOGRAMS 

Ventricular synergy was assessed by single 
plane left ventriculography in the 30° right 
anterior oblique projection.” A long axis of 
the left ventricular endocardial silhouette was 
drawn between the midpoint of the aortic valve 
and the left ventricular apex for both end 
diastolic and end systolic frames. The long axes 
of the two frames were then aligned and the 
silhouettes superimposed at the midpoint of 
the long axis. The long axis was further sub- 
divided to give six segments: anteroapical, 
inferoapical, anteromedial, inferomedial, 
anterobasal, and inferobasal. The systolic 
change in length for each of the above reference 
segments was normalised for end diastolic 
length and expressed as percentage shortening 
(or lengthening in the case of dyskinesis). The 
inferobasal segment was excluded from 
analysis of regional contractility because of its 
large individual variability.“ 


ENDOCARDIAL MONOPHASIC ACTION POTENTIALS 
Left ventricular monophasic action potentials 
were recorded by a purpose built (Cordis) 
bipolar pressure contact silver/silver chloride 
catheter electrode (size 7 French). The contact 
electrode was positioned at the tip with the 
indifferent electrode 5 mm proximally, flush 
with the side wall of the catheter. Gentle 
pressure of the tip electrode against the 
endocardium gave a signal of between 20 and 
40 mV. 


ARTERIAL PRESSURE 

The routine arterial pressure signal obtained 
via the catheter sheath was recorded on a Gould 
Instruments ° electrostatic chart recorder 
(model ES1000) at a paper speed of 10 mm/s 
and used for systolic pressure measurement. 


SIGNAL PROCESSING 

The monophasic action potential signals 
were fed into a Gould isolated preamplifier 
(model 11-5407-58) and then into a DC Gould 
universal amplifier (model 13-4615-58). The 
amplifier was set to give an output of IV for 
40 mV input with a frequency response to 
300 Hz. The signal was displayed on a 
Simonsen and Weel monitor (model MTS 
102). A Gould Instruments 4 channel RS 3400 
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Table! Details on the 23 patients in the study 
Noo ts 
| e D of segmen Coronary arteries 
Patient Age Sex AP ML failure $ blockade Calcium antagonists EF mall motion LAD Cx RCA Group CABG 
I 5 M + — — — _ 60 0 Severe Severe Severe 1 
2 7 M + — — Atenolol Nifedipine 82 0 Severe Severe Severe 1 
50 twice a day 20 twice a day 
3 46 M — — — — ON 79 0 Mild Normal Normal i 
4 73 M —- + — Diltiazem 15 3 (2P) Severe Severe Severe 3 
anterior 60 three times a day 
5 48 M + Inferior — Metoprolol Nifedipine 6 2 Normal Severe Occluded 3 RCA 
(x 2) 50 twice a day 20 twice a day graft Cx 
o 
6 61 M — Inferior — Atenolol ~— 63 0 Normal Rodents Norma] 2 
alternate days 
7 52 M + — — Propranolol Nifedipine 80 0 Normal Normal Mild l 
160 once a day 20 twice a day 
8 52 M + — — Atenolol Diltiazem 79 0 Occluded Normal Severe 1 
F 100 once a day 60 twice a day OM 
9 6 M — — — — 83 0 Normal Normal Normal l 
10 51 M + Lateral — Atenolol Nifedipine 84 0 Moderate Moderate Moderate 2 
50 twice a day 10 twice a day 
li 56 M + Lateral — Atenolol — 46 1 Mild Normal Severe 3 
50 once a day 
12 53 M — Inferior — Atenolol _ 54 -2 Mild Moderate Mild 3 
l 50 once a day 
13 57 M + Inferior + — Nifedipine 59 2 0P) Moderate Normal Moderate 3 
apex 10 three times a day 
lateral 
l4 49 F * — — — m 68 0 Normal Normal Normal ] 
15 59 M + + — Atenolol — 75 0 Normal Normal Normal 2 
50 once a day 
16 58 M + + — — Nifedipine 64 1 Occluded Normal Ectatic 3 
20 twice a day 
17 48 M + + — Metoprolol Diltiazem 80 1 Occluded Occluded Moderate 3 Cx 
50 twice a day 60 three times a day graft graft LAD 
o o 
18 59 F + — — Nifedipine 25 4 Sees Sages Tight 3 
20 three tires a day mid 
19 65 M + + + Atenolol Nifedipine 2 2 Occluded Occluded Occluded 3 Cx 
100 once a day 20 three times a day graft graft graft LAD 
Oo o o RCA 
20 49 M + + — Atenolol Nifedipine 76 0 Modewie Madera Nioterarè 2 
50 once a dey 20 twice a day 
21 52 F + Anteroseptal— Propranolol iltiazem 58 2 Mild Normal Severe 3 
160 one a day 60 three times a day 
22 3 M — + — ~= 78 0 Severe Normal Moderate 2t 
23 52 M — — = — Nifedipine f 
20 twice a day 





*Non-specific chest pain; tcardiac transplant. 
AP, angina pectoris; MI, myocerdial infarction; LV, left ventricle; EF, ejection fraction; LAD, left anterior descending; Cx, circumflex; RCA, right coronary artery; 
marginal. 


s coronary artery bypass graft; P, paradoxical monon; OM, obtuse 


chart recorder (model 30-V 8404-10) was used 
for hard copy recordings at a paper speed of 125 
mm/s. Hard copy recordings of the routine 
blood pressure were also recorded in order to 
synchronise the blood pressure measurements 
with the monophasic action potentials on a beat 
to beat basis. The routine electrocardiogram 
monitored at the time was also recorded. The . 
monophasic action potential recording was 
calibrated with a direct current millivolt source 
(Time Electronics model 4045). The blood 
pressure was calibrated against known 
pressures of 0 and 100 mm Hg. 


PROCEDURE 

Routine coronary angiography, via the right 
femoral artery by the Judkins technique, was 
performed on all patients (except patient 
number 23). Left ventricular angiography was 
performed in the right anterior oblique posi- 
tion. Patient 23 had a left ventricular biopsy 
only (no coronary angiography or left 
ventricular angiography). 

On completion of the routine procedure the 
angiography catheter (or biopsy catheter) was 
replaced with the monophasic action potential 
catheter which was positioned against the left 
ventricular wall. Right atrial pacing was 
established via the right femoral vein at a rate of 
approximately 15% above the patient’s resting 


heart rate. Two patients (2 and 3) were unpaced 
but were included because the heart rate from 
control ta phase IIA and from phase III to IVA 
did not change by more than 1%. 


VALSALVA MANOEUVRE 

The apparatus used for the Valsalva 
manoeuvre consisted of a 20 ml syringe for a 
mouthpiece (plunger removed) attached via 
rubber tubing to a sphygmomanometer. The 
size of the syringe ensured a tight seal between 
the patient’s lips and the barrel of the syringe. 
The patient was asked to blow hard and 
maintain the mercury column at 40 mm Hg for 
15 seconds. 

A run-in period of atrial pacing for two 
minutes established a steady state after which 
continuous recordings were made during the 
Valsalva manoeuvre. When feasible the 
procedure was repeated for up to three times. 
There was a rest period of three minutes 
between procedures during which atrial pacing 
was maintained. 


ANALYSIS OF DATA 

Monophasic action potential duration was 
measured at 90% and 70% repolarisation. The 
terminal portion of the action potential was 
defined by drawing a tangent to the fastest part 
of the downstroke to the baseline.“ This 
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Figure 1 Typical recording of aortic blood pressure during the Valsalva manoeuvre 
together with the routine electrocardiogram. The four phases of the Valsalva manoeuvre 
and duration of the forced expiration are shown. Cycle length = 670 ms. 


Figure 2 Tracing of 
monophasic action 
potentials and aortic 
pressure before the 
Valsalva manoeuvre 
(beats 3-8) during the 
strain phase (phase IT; 
beats 17-22}, and from the 
release of forced expiration 
(phase III) (after beat 29 
to beat 34). Zero 
calibration for the 
monophasic action 
potentials ts shown at the 
end of the second panel. 
Cycle length = 584 ms. 
{Group I patient) 


method eliminated the possibility of including 
afterdepolarisations in the measurements 
which would have produced long duration 
action potentials. In addition this technique of 
measurement also overcomes possible difficul- 
ties in measuring action potentials exhibiting a 
continuous decline of phase IV. Mean values 
with standard deviations are presented. The 
data were assessed by a repeated measures 
analysis of variance and planned comparison of 
means (Anova). 


Results 

Figure | shows a typical blood pressure 
response to the Valsalva manoeuvre we obtain 
in our catheter laboratory. The patient takes a 
deep breath in and then blows hard against a 
calibrated resistance of 40 mmHg. This 
increases the intrathoracic and intraabdominal 
pressures thereby impeding venous return, 
reducing ventricular filling, and reducing left 
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ventricular systolic pressure and volume. Four 
phases are described. The initial increase in 
blood pressure seen in phase I lasts for a few 
beats only and is due to a direct effect of the 
increased intrathoracic pressure, possibly 
together with an increased preload caused by a 
shift of blood from the pulmonary bed into the 
left ventricle. During phase II there is an initial 
fall in blood pressure (phase IIA) because 
venous return is impeded. This results in a 
reflex increase in peripheral resistance and 
inotropic state of the myocardium curtailing 
the fall in blood pressure and resulting in a 
plateau and even a smail subsequent rise (phase 
IIB). After release of the forced expiration 
intrathoracic pressure returns to normal and 


refilling of the pulmonary vascular bed results 


in a transient further fall in blood pressure 
caused by a further reduction in ventricular 
filling for about 2~3 beats (phase III). As the 
venous return is restored and ventricular filling 
increases the blood pressure rises (phase IV). 
Reflex autonomic effects may cause an “over- 
shoot” above control levels of blood pressure 
(phase IVB). 

During the Valsalva manoeuvre there were 
considerable changes in the time course of 
repolarisation in the recordings of endocardial 
monophasic action potential coincident with 
the changes in blood pressure. 

Figure 2 shows the changes typical of mono- 
phasic action potential in a patient with no 
angiographic evidence of abnormal wall motion 
(group 1). During the strain phase (B) the 
monophasic action potential duration 
shortened and subsequently increased after 
release (C). Action potential duration was 
measured at 90% repolarisation. 

In group 3 (those with regional wall abnor- 
malities) there were 21 observations during the 
strain phase and 20 during the release phase. 
Duting the strain phase the direction of change 
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Figure 3 Continuous 
recording of monophasic 
action potential and aortic 
pressure during the strain 
phase of the Valsalva 
manoeuvre in a patient 
with abnormal wall motion 
and a history of 
myocardial infarction 
(group 3). Monophasic 
action potential duration 
(at 90% repolartsation) 
increased progressively 
from 260 ms to 296 ms as 
peak systolic pressure fell. 
The fast phase of 
repolarisation became 
progresstvely delayed 
possibly representing early 
afterdepolarisations. Cycle 
length = 496 ms. 


MAP 


AoP 


MAP 


AoP 


of action potential duration was normal in 
seven observations, abnormal in six, and 
showed no clear change in eight. During the 
release phase 11 were normal, five abnormal, 
and four showed no clear change. Figure 3 
shows an example of changes in monophasic 
action potential duration which were opposite 
in direction. Action potential duration 
increased as systolic pressure fell during the 
strain phase. In addition the late phase of 
repolarisation became progressively delayed; 
this may have represented an after- 
depolarisation. 

Figure 4 shows the changes in monophasic 
action potential duration for the first nine beats 





of the strain phase and the release phase for 
each patient. Each patient performed up to 
three Valsalva manoeuvres. The vertical bars 
indicate the change in monophasic action 
potential duration with respect to the action 
potential duration at the start of each phase. As 
indicated by the scale a bar below the baseline 
represents a shortening whereas a bar above 
represents a lengthening. In group 1 there was 
uniform shortening in the strain phase and 
uniform lengthening during the release phase. 
In group 3 this symmetry was no longer 
apparent with many patients showing changes 
in the opposite directions to those in group 1. 
Changes in the opposite direction in at least one 


Table 2 Monophasic action potential duration (ms) (mean (SD) ) at 90% repolarisation at 70% repolarisation and peak systolic pressure (mmHg) 
at phases I, ITA, II, IVA and IVB of the Valsalva manoeuvre for patients with no abnormal wall motion and no history of previous myocardial 
infarction (group 1), those with previous history of myocardial infarction but normal wall motion (group 2), patients with abnormal wall motion (group 


3), and for all three groups. 
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Strain phase 
I IA UI 
At 90% repolartsation 
Group 1 311 (47) 290. 295 (47) 285 (44) Wte 
Group 2 274 (29) NS 269 (27) 265 (27) NS» 
Group 3 285 (33) NS 287 (28) 279 (30) — NS 
Groups 1,2and3 291 (39) -Lie 286 (36) 279 (35) 20h 
At 70% repolarisation 
Group 1 282 (47) 2:00) 268 (48) 259 (46) 20007 
Group 2 249 (30) 0-00 239 (29) 234 (28) oo 
Group 3 257 (32) NS. 256 (26) 249 (21) Oot om 
Groups 1,2and3 263 (39) 20001, 256 (36) 249 (34) 2000 
Peak systolic pressure (mm Hg) 
Group 1 138 (31) O02, 97 (37) 66 (26) 2 S001, 
Group 2 167 (23) 203%. 110 (19) 86 (15) SOR 
Group 3 160 (17) 28 127 (25) 107 (32) Loe 
Groups 1, 2 and 3 155 (25) a 114 (31) 89 (33) a 





The significance of any change and the number of observations in each group are shown. NS = not significant at the 95% level. 
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of the manoeuvres was seen in six of the 
patients. In particular, some patients (for 
example, case 16) occasionally showed changes 
in the opposite direction during consecutive 
Valsalva manoeuvres with the recording elec- 
trode positioned at adjacent sites. In group 2 
patients in general the changes resembled those 
in group 1 but were not always as clear cut. 
Table 2 shows the mean values. Group 1 
patients showed highly significant changes in 
action potential duration in both phases, reflect- 
ing the uniform direction of change in all 
patients. The lack of uniformity seen in group 3 
patients is reflected in the seemingly smaller 
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Fgure4 Changes in monophasic action potential 
duration at 90% repolarisation ( MAP) during the first 
nine beats of the strain phase of the Valsalva manoeuvre 
(from phase I) and during the first four beats after release 
id paar IIT). Between one three consecutive 
Vals manoeuvres were monitored in patients each 
from a different site. (A) Patients with no history of 
myocardial infarction and no angiographic evidence of 
abnormal wall motion, (B) patients with a history of 
myocardial infarction but no angiographic evidence of 
abnormal wall motion, {C} patients with abnormal wall 
motton etther with or without a history of myocardial 
infarction. The first point (0) in each histogram in each 
p is the starting point and subsequent values are the 
change in milliseconds. Some bars are missing and the 
bars in patient 13 overlap those tn patient 12. 


changes in the mean values particularly at 90% 


_ repolarisation. The changes in mean values for 


group 2 patients in general followed the pattern 
seen in group 1. 

The possible presence of afterdepolarisa- 
tions seen in fig 3 was also seen in two other 
patients and an example is shown in fig 5. 
Figure 5 again represents the progressive 
development of “‘afterdepolarisations’’ in 
another patient from this group which 
culminates in a ventricular extrasystole. 

We compared the changes in monophasic 
action potential duration for each of the phases 
of the Valsalva manoeuvre in patients taking 8 
blockers with those who were not. The only 
significant difference was during phase ITA in 
patients in group 1 (p < 0-03) and combined 
groups 1 and 2 (p < 0-04)——that is, all patients 
without abnormal wall motion. 

We studied one additional patient who had 
received a donor heart six months previously. 
‘The changes in monophasic action potential 
duration.in this patient were not included in the 
statistical analysis. However, monophasic 
action potential duration changed in a manner 
similar to those in group 1. Two Valsalva 
manoeuvres were recorded. The aortic pres- 
sure record was almost identical for both runs. 
In figure 6 the aortic pressure tracing is shown 
together with beat by beat changes in mono- 
phasic action potential duration at 90% and 
70% repolarisation for the strain phase (from 
run one) and the release phase (from run two). 
Figure 7 shows the monophasic action 
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Figure 5 Continuous tracings of 


50 a 


hasic action potential, aortic pressure recording, 


and electrocardiogram (lead II) during phase II of the Valsalva manoeuvre in a patient 
with abnormal wall motion and a history of myocardial infarction. The fast phase of 
repolarisation became progresstvely delayed culminating in a ventricular extrasystole 
(arrow). Zero calibration for the monophasic action potential ts included between the 
third and fourth beats in the middle panel. Cycle length = 664 ms. 
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potentials during the early strain phase. During’ 
this strain phase the monophasic action 
potential duration shortened progressively as 
aortic pressure fell. 


Discussion 

Abnormal left ventricular wall motion is a 
major predictor of sudden cardiac death'? that 
is often considered to be the result of arrhyth- 
mia.°* The mechanism for this relation 
remains undefined. We examined the effect of 
acute ventricular pressure/volume changes on 
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Figure 6 Aortic pressure tracing during the Valsalva manoeuvre in an orthotopic 
transplanted heart six months after the operation. Beat by beat plot of action potential 
duration at 90% repolarisation ts shown below. Action potential duration during the 
ventricular loading phase was obtained from a re Valsalva manoeuvre in this patient 
tohich produced an identical blood pressure profile, Dining ventricular unloading the 
action potential duration shortened and subsequently lengthened during the subsequent 


loading phase. 


ventricular repolarisation in patients with 
normal and with abnormal wall motion to see 
whether there were any electrophysiological 
changes that would be in keeping with those 
required for arrhythmia formation. A con- 
venient means of altering ventricular pressure/ 
volume is the Valsalva manoeuvre in which a 
forced expiration impedes venous return, 
causing a reduction of left ventricular pressure/ 
volume.” We recorded monophasic action 
potentials from the left ventricular endo- 
cardium as a measure of the time course of 
repolarisation. We found significant changes in 
the timing of regional ventricular repolarisa- 
tion during the Valsalva manoeuvre. In some 
patients with abnormal wall motion the effects 
on ventricular repolarisation were opposite in 
direction to those found in patients with 
normal wall motion. In both groups of patients 
the change in the duration of repolarisation in 
response to changes in ventricular loading 
suggests that the mechanical effects of the 
loading may play a part in these changes. It may 
be argued that the autonomic influences 
associated with the Valsalva manoeuvre?” 
may also contribute to our findings because 
increased sympathetic activity may influence 
the timing of repolarisation®™ (that is, action 
potential duration). We consider that this con- 
tribution is minimal because we confirmed our 
observations on ventricular unloading to the 
first few beats—before significant autonomic 
effects occur.“ Our observations during 
ventricular loading were confined to a four beat 
train during which time changes in autonomic 
tone would be small. In addition the changes in 
action potential duration in the transplanted 
heart, which is devoid of innervation, were 
comparable in direction to those in our normal 
patients (group 1). Finally there was no 
difference in the response in patients receiving B 
blockade compared with those who were not. 

If we accept that the effects that we have seen 
are mechanical—in that the changes in 
ventricular loading directly influence the timing 
of repolarisation—then our results would 
be consistent with contraction-excitation 
feedback. Such a mechanism has been demon- 
strated experimentally in isolated tissues and in 
animals. In general, it has been shown that 
increasing the length of cardiac muscle shor- 
tens the action potential duration and decreas- 
ing the length of the muscle lengthens the 
action potential duration. Our patients with 
normal wall motion (group 1), however, 
showed opposite effects. A reduction left ven- 
tricular volume and peak systolic pressure 
shortened the monophasic action potential 
duration and an increase in left ventricular 
volume and peak systolic pressure lengthened 
it. 

It is probable that several mechanisms are 
involved—such as stretch and fibre excursion. 
It has been shown that there is a relation 
between the extent to which a muscle is allowed 
to shorten and the duration of the action 
potential. For example when a contracting 
muscle is prevented from shortening (that is, 
isometric contraction) the action potential 
duration is abbreviated. In the unloading phase 
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Figure 7 A continuous recording of 
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hasic action potentials during the strain 


hase in the patient in figure 7. Monophaste action potential duration is shown at 90% 
rina alii i and shortened progressively from 268 ms to 244 ms. Cycle 


length = 584 ms. 


of the Valsalva manoeuvre the ventricular 
cavity size and stroke volume decrease and fibre 
excursion between end systolic and end dia- 
stolic phases is reduced. This would accord 
with the fibre excursion mechanism being 
predominant. It is to be expected that fibre 
excursion would be different in areas of normal! 
and abnormal wall motion. Paradoxical 
movement (that is, systolic bulging) is common 
during the early phase of ischaemia when type 
1A arrhythmias are common.” Local differ- 
ences in repolarisation and excitability induced 
by a mechanism such as we describe would 
facilitate arrhythmia by re-entry mechanisms. 

Another mechanism for arrhythmia forma- 
tion may be the result of early afterdepolarisa- 
tions that reach threshold for the initiation of 
a subsequent action potential. An early after- 
depolarisation is an inflection on the down- 
stroke of the action potential and can appear in 
the electrocardiogram as the U wave. Early 
afterdepolarisations in monophasic action 
potential recordings could be a mechanical 
artefact rather than a real electrophysiological 
phenomenon. Artefacts cannot entirely be 
ruled out but several studies support the pos- 
sibility that these are real afterdepolarisa- 
tions.” One preliminary study suggests that 
mechanically induced early afterdepolarisa- 
tions in the monophasic action potential show a 
rate dependence analogous to that of after- 
depolarisations recorded with microelec- 
trodes.” It may be important that in our study 
they were accompanied by extrasystoles. These 
could be attributed to local irritation by the stiff 
catheter, but extrasystoles have also been seen 
by various recording techniques in several 
experimental preparations. S We saw 
some considerable early afterdepolarisations 
(figs 3 and 5) which were particularly obvious in 
patients with abnormal wall motion. In the 
example shown in fig 5 the progressive increase 
in afterdepolarisations culminated in an 
extrasystole. In some instances we saw a con- 
tinuous decline in phase IV even after the 
termination of the possible afterpotential was 
seen. We cannot say whether these were 
artefacts or real phenomena. 

There was a wide variability in the size of the 
effect on action potential duration, which varied 
from 20 ms to 40 ms in some patients (fig 4). 
This is greater than the dispersion necessary to 
facilitate reentrant arrhythmias” ” and not dis- 
similar to action potential durations induced by 
antiarrhythmic drugs with class III action.” In 
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our experience only slight changes in action 
potential duration were caused by spontaneous 
variability. Prematurity shortens action poten- 
tial duration, which depends on the rate and 
preceding cycle length. For example, during a 
steady state heart rate of 80/minute (cycle 
length 750 ms) an early beat of 350 ms shor- 
tened the action potential by about 11 ms.” 

Arrhythmia in patients with coronary heart 
disease and congestive heart failure is probably 
multifactorial,” with deaths in some instances 
being due to electromechanical dissociation. In 
addition to contraction-excitation feedback (or 
mechano-electric coupling) other important 
factors may be myocardial fibrosis and hyper- 
trophy™ activation of the sympathetic nervous 
system or hypokalaemia induced by a renin 
angiotensin system” diuretic,” together with 
the arrhythmogenic effect of drug treatment 
such as digoxin and some antiarrhythmic 
agents. Studies of an animal model of doxo- 
rubicin induced heart failure suggest an 
inherent mechanism not related to mechanical 
or any of the above effects.” Our results, 
however, support the possibility that 
mechanically induced  electrophysiological 
changes could play a part in these clinical 
situations. 

Our study confirms that potentially arrhyth- 
mogenic changes in action potential duration 
and excitability in humans may be produced by 
load changes that are within physiological 
ranges” and that changes in ventricular loading 
change the time course of repolarisation. An 
important finding was that such changes could 
be in opposite directions in patients with 
normal wall motion and patients with abnormal 
wall motion. These data suggest that the 
presence of abnormal wall motion may induce 
electrophysiological changes by contraction- 
excitation feedback and this may provide a link 
between the unexplained association between 
arrhythmia and impaired left ventricular func- 
ton. 


This study was supported by a grant from the British Heart 
Foundation. 
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6 Endorphin release in patients after spontaneous 
and provoked acute myocardial ischaemia 
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Abstract 
Background—In animal models of cir- 
culatory shock and heart failure concen- 
trations of the endogenous opioid peptide 
B endorphin are raised and opioid recep- 
tor blockade improves haemodynamic 
variables and survival. This study was 
performed to identify whether acute 
myocardial ischaemia provokes the 
release of f endorphin in humans. 
Methods—Observational study in a 
university cardiology centre. Serial 
measurements of 8 endorphin made by 
specific radioimmunoassay were corre- 
lated with other clinical and neuro- 
endocrine variables that were measured 
prospectively. Fifty five patients with 
acute myocardial ischaemia and 26 
patients undergoing elective coronary 
angioplasty of the left anterior descend- 
ing coronary artery were studied. 
Results-—~f endorphin concentrations were 
raised above the upper limit of normal in 
31/42 (74%) patients with confirmed 
myocardial infarction, 3/13 (23%) 
patients with unstable angina, and 10/24 
(42%) patients after coronary angio- 
plasty. There was no evidence of myocar- 
dial release of 8 endorphin. There were 
significant positive correlations between 
B endorphin and the concentrations of 
adrenocorticotrophic hormone, cortisol, 
and arginine vasopressin. In patients with 
acute myocardial ischaemia there was a 
significant positive correlation between 
the peak concentrations of creatine kinase 
and $ endorphin but no correlation with 
visual analogue scores of the intensity of 
chest pain. The highest $ endorphin con- 
centrations were seen in patients whose 
clinical course was complicated by the 
development of heart failure. 
Conclusions—fB endorphin release is 
a component of the neuroendocrine 
activation associated with myocardial 
ischaemia/infarction. 


Guillemin et al showed in 1977 that rats release 
B endorphin concomitantly with adrenocor- 
ticotrophic hormone (ACTH) from the 
pituitary into the circulation in response to a 
range of stressful stimuli.’ Shortly after this, 
co-release was confirmed in humans.?? It has 
been known for over half a century that the 
cardiovascular system is extremely sensitive to 
exogenous opioids‘ and thus it was postulated 
that $ endorphin release might be a pathogen- 


etic factor in the haemodynamic derangements 
present in shock states. Animal models of 
circulatory shock have since been used to 
confirm ß endorphin release after canine 
haemorrhagic’® and endotoxic shock”? and 
after both in primates.’ Plasma f endorphin 
concentrations were’ much higher in dogs with 
experimental chronic heart failure than in con- 
trol animals.'° In humans, plasma 8 endorphin 
concentrations rise in response to insulin- 
induced hypoglycaemia," intense physical 
exercise,” and surgery,” and they are raised in 
some patients with heart failure.™* There are no 
published data on the response to myocardial 
ischaemia or infarction. 


Patients 

METHODS 

To allow some clarification of the relation 
between the duration and severity of myocar- 
dial ischaemia and the release of f endorphin 
we studied two groups of patients. 


Study 1 

Fifty five consecutive patients admitted to the 
coronary care unit of Glasgow Royal Infirmary 
with a clinical diagnosis of acute myocardial 
ischaemia were studied. Myocardial infarction 
was confirmed by the presence of at least two of 
the three standard criteria: a compatible history 
of chest pain, typical evolving electrocardiogra- 
phic changes, and an increase in the concentra- 
tion of creatine kinase to above twice the upper 
limit of normal. Patients without these features 
but with evidence of ischaemia were considered 
to have unstable angina. Daily clinical examin- 
ations were performed and when there was 
evidence of pulmonary congestion radiological 
confirmation was sought. Cross sectional 
echocardiography was performed on day three, 
and where image quality allowed, we calculated 
the ejection fraction using apical two and four 
chamber views and a modified Simpson’s 
formula.” Serial blood samples were taken 
from the time of admission to six weeks after 
discharge. Patients were asked to quantify the 
intensity of their chest pain on a 100 mm non- 
calibrated linear visual analogue scale cued 
with “‘very mild” and “very severe”. ù 


Study 2 

Twenty six consecutive patients undergoing 
percutaneous transluminal angioplasty of the 
left anterior descending coronary artery were 
studied. Simultaneous aortic and coronary 
venous blood samples were taken for 8 endor- 
phin and lactate estimation immediately before 
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the first balloon dilatation (T,) and at 2 (T,) and 
10 (T o minutes after the end of the procedure. 
Electrocardiographic leads I, II, ITI, aVR, 
aVL, and aVF were recorded continuously 
during each dilatation. 


Assays 

E Endorphin was measured by “in-house” 
radioimmunoassay after extraction from 
plasma by C,, Sep-Pak cartridges. The assay 
uses an *]-tracer and double antibody separa- 
tion. The primary antiserum showed only 2% 
cross reactivity with human £ lipotrophin 
(Peninsula Laboratories) during formal testing 
and <0-:01% with « endorphin, y endorphin, 
[leuJenkephalin, [met]enkephalin, ACTH, and 
dynorphin. The within batch. coefficient of 
variation is 13-7% at a mean concentration of 
3-2 pmol/l, improving to 2:3% at 42-5 pmol/l. 
Between batch precision is 5-8%, 53% and 
49% at concentrations of 5-7, 10-2, and 
43-7 pmol/l respectively. The normal range 
(mean (2SD)) of this assay in 60 volunteers 
sampled at 0900 hours is 2:5-7-2 pmol/l. The 
standard deviation of repeated measurements 
calculated by the method of Bland and Alt- 
man’® is 0-5 pmol/l. 

ACTH was measured by radioimmunoassay 
in unextracted plasma according to the method 
of Nicholson et al”: normal range at 0700-0900 
hours <17 pmol/l. Cortisol was measured in a 
direct, solid-phase radioimmunoassay sys- 
tem’*: normal range at 0700-0900 hours 280- 
720 nmol/l. Arginine vasopressin was extrac- 
ted from plasma by C,, Sep-Pak cartridges and 
measured by radioimmunoassay.” Lactate was 
measured by a commercially available 
enzymatic assay (Boehringer Diagnostica). All 
samples for peptide assay were taken into 
chilled lithium heparin tubes with trasylol 
(1000 units/ml) added as a peptidase inhibitor 
for the 8 endorphin samples. After immediate 
separation in a refrigerated centrifuge 2 ml 
volumes of plasma for f endorphin assay were 
acidified with 0-5 ml 2M hydrochloric acid and 
flash frozen in either a dry ice/methanol bath or 
liquid nitrogen. All samples from individual 

patients were assayed in the same batch. 


STATISTICAL ANALYSIS 

The distribution of the data derived from this 
study were assessed by calculating the stan- 
dardised coefficients of skewness and kurtosis. 
All of the variables were significantly skewed: 
and so group values were expressed as medians 
with inter-quartile ranges. Groups were com- 
pared by Wilcoxon signed rank and Mann- 
Whitney U tests as appropriate. Univariate 
linear regression analysis between variables 
was performed by calculating Spearman rank 
correlation coefficients. For calculations we 
used a version of Statgraphics (STSC Inc) ona 
personal computer. 


Results 
STUDY 1 
Fifty five consecutive patients (37 male, aged 
37-75) admitted to the coronary care unit with 
acute myocardial ischacmia were studied. 
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Raised plasma concentrations of $ endorphin 
were detected in 31/42 (74%) patients with 
confirmed myocardial infarction (peak 12:0 
(6-9-26-0) pmol/l) and in 3/13 (23%) patients 
with unstable angina (peak 4:5 (2-7-7-0) pmol/ 
1) (fig 1). The highest concentration recorded 
was 98-8 pmol/l and occurred in a patient who 
subsequently developed cardiogenic shock and 
died. Figure 2 shows the time course of the 
change in $ endorphin concentration for all 55 
patients. There were no significant differences 
in $ endorphin concentrations at any time point 
between patients who had and had not received 
thrombolytic therapy. The 12 patients with 
myocardial infarction who developed cardiac 
failure in hospital had a higher peak $ endor- 
phin concentration that those with an uncom- 
plicated course (29-2 (9-9-51:5) v 9-6 (3:8-22°4) 
pmol/l (fig 1). 


p = 0-002 
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p = 0-04 
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Figure [ Peak concentrations of B endorphin, 
adrenocorticotrophic hormone, and cortisol in 55 patients 
with acute spontaneous myocardial ischaemia. Individual 
values are given with respective medians and interquartile 
range bars. M1, myocardial infarction. 
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Figure 2 Serial median (interquartile range) P. 
endorphin concentrations in 55 patients with acute 
spontaneous myocardial ischaemia. *p < 0-001 v all 
other time points. 


Correlation between P endorphin and other 
neuroendocrine and clinical variables 

Simultaneous measurements of other compon- 
ents of the hypothalamo-pituitary-adrenal axis 
provided a similar pattern of results to f 
endorphin. Thus peak ACTH and cortisol 
concentrations were 24-2 (6:6-47-0) v 2:5 (1-:0- 
4:8) pmol/l and 1088 (824-1516) v 654 (323— 
742) nmol/l respectively for patients with 
myocardial infarction and without (fig 1). The 
highest concentrations of both f endorphin and 
ACTH were usually seen on admission and 
both returned to normal within 24 hours of 
admission in most patients (fig 2). Overall there 
was a good correlation between peak f endor- 
phin and ACTH (r = 0-58, p = 0-00001), 
cortisol (r = 0°68, p = 0-00001) and glucose 
(r = 0:50, p = 0-001). Roughly equimolar 
concentrations of $ endorphin and ACTH were 
seen, usually simultaneously, in 38/55.(69%) 
subjects. In 15 of these both were within the 
normal ranges (five with myocardial infarction) 
and in 23 one or both were raised. Several 
patients, however, showed a considerable 
difference between the concentrations of these 
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Figure 3 Individual patterns of f? endorphin and adrenocorticotrophic hormone 
(ACTH) release in four patients with acute myocardial infarction, CK, creatine kinase 
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two related hormones. In 12 (22%) peak 
ACTH was higher than normal and was 2-18 
fold higher than the peak f endorphin concen- 
tration. In five the opposite pattern was seen, 
with peak $ endorphin being 2-8 fold higher 
than peak ACTH. Figure 3 shows individual 
examples of these patterns. 

The peak concentration of arginine 
vasopressin in patients with myocardial infarc- 
tion was significantly higher than in patients 
with unstable angina (9-0 (3-3—17-8) v 1-0 (0-8— 
2:9) pg/ml (p = 0-0002)) and considering 
all patients peak arginine vasopressin 
correlated well with peak f endorphin 
(r = 0-59, p = 0-001). 

Peak concentrations of 8 endorphin and 
creatine kinase were positively correlated 
(fig 4) and there was a negative correlation 
between the time from onset of symptoms to 
peak f endorphin concentrations (r = — 0-38, p 
= 0-005). Though pain is a stimulus to £$ 
endorphin release, there was no significant 
correlation with pain scores. These were vir- 
tually identical in the patients with and without 
myocardial infarction (78 (65-86) v 76 (63-86) 
and those with and without cardiac failure (79 
(57-84) v 78 (67-86)). 

No significant correlations were seen with 
age, Norris score, ejection fraction. on- day 
three, and systolic or diastolic blood presure or 
heart rate on admission. 


STUDY 2 

All 26 patients had. a technically successful 
angioplasty. In three patients concentrations of 
$8 endorphin in the great cardiac vein were 
> 1-0 pmol/l (2SD ofthe measurement error) 
higher than those in the aorta. But. overall 
concentrations in the aorta and great cardiac 
vein were similar at both time points. There 
was thus no consistent evidence of any myocar- 
dial release.and accordingly only the concentra- 
tions in the great cardiac vein are reported. At 
T, only two patients had $ endorphin concen- 
trations > 7:2 pmol/l (upper limit of normal): 
one of these had an episode of severe angina 
during transfer to the catheter, laboratory and 
the other had a difficult arterial..cannulation. 

Both of these patients were excluded from 
further analysis. 

Before angioplasty the 8 endorphin concen- . 
tration was 3-2 (2:4-4-9) pmol/l rising to 4-5 
(3-4-13-8) pmol/l at T,,, p = 0-002. The 
concentrations changed by > 1-0 pmol/l in 16 
patients: in 14 (58%) concentrations rose and 
in two (8%) they fell. At T, 10/24 (42%) 
patients had concentrations > 7-2 pmol/l. The 
percentage change for all 24 patients was 62 
(14-193)%. In the 14 patients showing 
increases in $ endorphin the percentage change 
was 158 (73—248)%. The peak concentration of 
B endorphin after angioplasty was 4-6 (3-4— 
16-0) pmol/l, significantly lower than after 
myocardial infarction (p = 0-02). 


Correlation between B endorphin and other 
neuroendocrine and clinical variables 

As in the patients'with spontaneous myocardial 
ischaemia, significant positive correlations — 
were found between concentrations of f endor- 
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Figure 4 Correlation between peak concentration of B 
endorphin and creatine kinase in 55 patients with acute 
myocardial ischaemia. x, myocardial infarction; O, no 
myocardial infarction. 


phin in the great cardiac vein and concentra- 
tions of ACTH (r = 0-85, p = 0-0001) and 
cortisol (r = 0:72, p = 0-001). No correlation 
was apparent between simultaneous 
measurements of $ endorphin and lactate con- 
centrations in the great cardiac vein (r = 0-06, 
p = 0-76) but there was a weak positive 
correlation with lactate extraction (r = 0:43, 
p = 0-047). There was a significant negative 
correlation between f endorphin concentration 
and the total duration of balloon occlusions (r 
= —(-69, p = 0:0009) but no correlation with 
the maximum ST segment deviation recorded 
during angioplasty (r = 0-002, p = 0-99). 


Discussion 
B Endorphin and ACTH have a common origin 
for pituitary pro-opiomelanocortin. They are 
stored together in the secretory granules of the 
pituitary corticotrophs and are co-released in 
response to stressful stimuli.” The unexpected 
dichotomy seen in some of our patients has, 
however, been described in other disease 
states.? ? This absence of molar unity may be 
related to the different plasma half-lives of f 
endorphin, $ lipotrophin, and ACTH” * and 
also to inter-individual variation in the post- 
translational processing of the precursor” ” 
which follows the application of a stressful 
stimulus. 

Which component(s) of the stimulus of 
- myocardial ischaemia provoke(s) B endorphin 
release and which if any are important in 
determining the pattern of the neuroendocrine 
response? In the patients with acute myocardial 
infarction and therefore prolonged periods of 
coronary artery occlusion there was a weak 
correlation between f endorphin concentra- 
tions and creatine kinase, a marker of ischaemic 
damage. There was a negative correlation bet- 
ween the duration of ischaemia (assessed from 
patient symptoms) and f endorphin concentra- 
tions. This latter finding suggests that f endor- 
phin is released as a single pulse at the onset of 
myocardial ischaemia with the highest concen- 
trations being found the earlier the patient is 
seen. In the angioplasty patients, in whom the 
period of coronary artery occlusion was much 
shorter, there was again only a weak correlation 
between f endorphin and a biochemical marker 
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of ischaemia and no correlation at all with the 
electrical evidence .of ischaemia. The persis- 
tence of a negative correlation with the dura- 
tion of ischaemia (balloon inflation time) in this 
second patient group is consistent with the 
release of a single pulse of $ endorphin—in this 
case within minutes of the ischaemic stress 
being applied. In the patients with unstable 
angina, myocardial ischaemia was present but 
there was virtually no # endorphin release. 
‘Thus overall there is no convincing evidence 
that the f endorphin release is primarily deter- 
mined by either the duration or the objective 
severity of the ischaemic insult. 

What of the patient’s perception of the 
ischaemic insult? Despite widely differing £ 
endorphin concentrations, pain scores in the 
patients with myocardial infarction and unsta- 
ble angina were virtually identical and overall 
there was no correlation between these scores 
and ß endorphin concentrations. Visual 
analogue scales are a relatively crude method of 
assessing pain perception and it is possible that 
more complex techniques might have revealed 
a closer relation between perceived pain and $ 
endorphin release. However, alternative 
stimuli such as nausea, transient blood pressure 
fluctuations, or the degree of activation of the 
autonomic nervous system might be involved. 

There is good evidence that $. endorphin 
release has a pathophysiological role in certain 
disease states and is not just an epiphen- 
omenon. In various animal models of cir- 
culatory collapse including anaphylaxis,” 
hypovolaemia (haemorrhage),“” and septi- 
caemia,” * naloxone and a range of other opioid 
receptor antagonists produce improved 
haemodynamic performance and substantial 
improvements in survival. A predominantly 
central mode of action is suggested by the lesser 
effects of analogues unable to cross the blood- 
brain barrier. Peripheral effects, however, may 
be important. Thus direct intracoronary 
infusion of naloxone in normal dogs results in 
dose-dependent increases in developed ten- 
sion, left ventricular dP/dt, cardiac output, and 
blood pressure that are not reproducible with 
the inactive (+ )-isomer.” ” The critical depen- 
dence of the response to naloxone on the 
presence of pituitary derived endorphins has 
been confirmed.by Holaday et al who gave 
intracerebroventricular injections of naloxone 
to rats subjected to hypovolaemia. The 
dramatic recovery of blood pressure seen was 
completely abolished by prior hypophy- 
sectomy.™ 

There are relatively few studies of the effects 
of opioid receptor blockade in primary cardiac 
disease. In a canine model of chronic cardiac 
failure plasma concentrations of f endorphin 
were much higher than in control animals and 
the intravenous administration of nalmafene, a 
potent opioid receptor antagonist,” resulted in 
a further rise in 8 endorphin as well as increases 
in ACTH; catecholamines; mean arterial pres- 
sure; cardiac output; left ventricular dP/dt; and 
regional blood flow to the myocardium, skeletal 
muscle (quadriceps), and kidney. Sympathetic 
blockade abolished these effects, suggesting 
that the beneficial effects of opioid antagonists 
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in this model are mediated via the sympathetic 
nervous system. In subsequent studies this 
group showed that the action of naloxone was 


. preserved in anaesthetised animals, indicating 


that the effects were not related to removal of 
the antinociceptive action of the endogenous 
opioids.” Physiological concentrations of ß 
endorphin selectively stimulate aldosterone 
secretion in dogs and could have a role in the 
modulation of sodium balance after myocardial 
infarction and in heart failure.” Also in a canine 
model it has been shown that the systemic and 
coronary vasoconstriction which follows the 
intracerebral administration of the opiate agon- 
ist fentanyl is mediated via the release of 
arginine vasopressin.” Our data showing a 
correlation between f endorphin and arginine 
vasopressin concentrations are consistent with 
this finding. 

There are several anecdotal reports of 
improvements in blood pressure in patients 
with septicaemic” and cardiogenic shock“ *! 
after the administration of intravenous nalox- 
one. A recent double blind controlled study. 
showed some benefit of naloxone in sep- 
ticaemic shock.” Naloxone and some other 
opioid receptor ligands have another property 
that might be of relevance in cardiovascular 
disease. They showed antiarrhythmic activity 
in rats subjected.to coronary artery ligation.” 
Interestingly, § endorphin at concentrations in 
the pmol/l range provokes a range of arrhyth- 
mias, mainly atrial, in isolated perfused rat 
hearts.“ The arrhythmogenic action of $ 
endorphin in this model is naloxone-reversible, 
but in most animals the concentrations of 
naloxone required to show cardiac electro- 
physiological and/or antiarrhythmic effects 
greatly exceeds the concentrations at which 
complete opioid receptor blockade would be 
expected. Thus it is likely that these effects are 
non-specific and unrelated to opioid receptor 
antagonism.* * 

We have shown, for the first time, that B 
endorphin release is a component of the 
neuroendocrine activation associated with 
myocardial ischaemia/infarction. The demon- 
stration of a pathophysiological role in these 
particular clinical syndromes must await the 
results of further studies. 


KGO is a British Heart Foundation junior research fellow. 
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PLANTS IN CARDIOLOGY 











Senecio jacobaea L. Flora Danicae Hafnia: Môllerus, 1787: volume 6; 
plate 944. 


Dietary pulmonary hypertension 

The idea that certain plants could produce pulmonary 
hypertension seemed so unlikely that I began to wonder 
just how this discovery had been made. The story began in 
Iowa in 1884 when a new disease of horses with hepatic 





cirrhosis was traced to the ingestion of Crotalaria sagittalis 
(Leguminosae) the native species of the rattlebox plant 
which was grown as green manure to improve the sandy 
soil. In1921 C spectabilis was introduced from India and it 
caused many outbreaks of disease among farm animals in 
the southern United States. Lesions in cows, pigs, goats, 
chickens, and horses included subendocardia!l haemorr- 
hage, thickened pulmonary alveoli, pulmonary oedema, 
anaemia, end renal and hepatic disease. Senecio (Com- 
positae) also caused equine cirrhosis in South Africa in 
1920, while in North America the tar weed Alalaya 
(Sapindaceae), alsike clover Trifolium (Leguminosae), and 
Amsinckia (Boraginaceae) caused it too. A recent human 
epidemic of cirrhosis in India followed the accidental 
ingestion of Heliotropium (Boraginaceae). All these different 
genera and families contain pyrrolizidine alkaloids. 

But none of these studies of natural or induced disease 
reported cardiac hypertrophy or pulmonary arterial dis- 
ease. However, in 1955 Schoental and Head produced 
pulmonary infarction in rats with Crotalaria. Then in 1961 
the breakthrough came when JJ Lalich in Madison 
showed that rats fed Crotalaria seed or its alkaloid mono- 
crotaline developed acute pulmonary arteritis. He went on 
to pioneer the crucial long term study. The rats developed 
intimal and muscular thickening of the pulmonary 
arterioles, dilated pulmonary arteries and right ventricu- 
lar hypertrophy. In 1967 Kay, Harris, and Heath in 
Birmingham were the first to measure the right heart 
pressure in treated rats and confirm pulmonary hyperten- 
sion. Later it was shown that the British plant, ragwort, 
Senecio jacobaea, sold in health stores for coughs and colds, 
produced pulmonary hypertension in rats. Meanwhile Bras 
and his colleagues had discovered that cirrhosis in 
Jamaican children was caused by hepatic veno-occlusive 
disease and they showed that the histology of their patients 
was identical with that of animals with Crotalaria and 
Senecio poisoning. Jamaican children often drank “bush- 
tea” made from these plants. But pulmonary hypertension 
has never been found in patients with veno-occlusive 
cirrhosis. Maybe only rats are susceptible. Donald Heath 
has recently looked back over his 25 years work on dietary 
pulmonary hypertension (Circulation Research 1991525: 
973-74). 

Again, as with sweet clover disease of cattle (British 
Heart Journal 1991;66:181), a leguminous plant introduced 
from abroad for farming purposes has led via veterinary 
medicine to an important cardiovascular discovery. 
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Aortic and mitral valve disease in patients with 
end stage renal failure on long-term haemodialysis 


E Straumann, B Meyer, M Misteli, A Blumberg, H R Jenzer 


Abstract 

Objective—To identify valvar heart 
disease in patients with chronic uraemia 
by conventional and colour coded Dop- 
pler echocardiography. 

Design—Case series of an unselected 
group of 62 patients with end stage renal 
failure. 

Setting—Centre for baemodialysis in a 
referral hospital in Switzerland. 
Patients—62 patients on 

haemodialysis. 

Main outcome measures—Frequenty 
of structural and functional valve abnor- 
malities and their relation to clinical 
findings. 

Results—Structural changes were seen 
in 40 (64%) of 62 patients after 50 months 
(range 3-178 months) on haemodialysis.. 
The mitral annulus and aortic cusps 
were thickened in 25 (40%) and in 34 
(55%) patients respectively. Aortic 
stenosis was present in eight (mean (SD) 
age 60:5 (8:5) years), with a maximal 
instantaneous pressure gradient of 41 
(14) mm Hg. Aortic regurgitation was 


chronic 


seen in eight, mitral regurgitation in . 


seven, and mitral stenosis in three 
patients. Patients with aortic stenosis 
had been on haemodialysis for signifi- 
cantly longer than the remaining 
patients (101 (43) v 46 (43) months, p = 
0-01) and had significantly higher concen- 
trations of serum alkaline phosphatase 
(176 (89) v 117 (47) TU/1, p < 0°01) and of 
parathyroid hormone (54 (66) v 19 (29) 
ng/ml, p < 0:02). 

Conclusions—Patients on long-term 
haemodialysis had an increased fre- 
quency of haemodynamically relevant 
changes in the aortic and mitral valves. 
The degenerative valve disease may be 
related in part to the duration of hae- 
modialysis and to alterations in calcium 
metabolism as indicated by increased 
plasma concentrations of alkaline phos- 
phatase and parathyroid hormone. 


Valve disease is an under-recognised com- 
plication of chronic uraemia.’ Calcification of 
the mitral annulus was more common in 
patients with chronic renal failure than in age- 
matched controls.** Calcification of the mitral 
annulus can cause mitral regurgitation’ or 
stenosis or both’® and is also often associated 
with aortic valve calcification.°’ Severe aortic 
valve calcification can cause aortic stenosis®*"° 
and aortic regurgitation.'' Calcification of the 


mitral and aortic valves can occur prematurely 
in patients with chronic uraemia on long-term 
haemodialysis.?** The cause of premature cal- 
cification of the mitral and aortic valves are 
uncertain; however, secondary hyperparathy- 
roidism, hypertension,’* and hypercholes- 
terolaemia’® are thought to be essential risk 
factors. There are few data on the frequency 
of Doppler detected haemodynamically 
relevant valvar complications in end stage 
renal disease. We examined the frequency and 
aetiology of calcified, haemodynamically 
relevant. aortic and mitral valve stenosis and 
regurgitation and its relation to clinical find- 
ings in an unselected population of patients on 
long-term haemodialysis. 


Patients and methods 

We studied 62 patients G1 men and 31 
women) aged 55 (14) years who had been 
receiving maintenance haemodialysis (9-12 
h/week) for 50 (47) months (range 3-178). 
The primary cause of end stage renal disease 
was analgesic nephropathy in 22, glomerular 
nephritis in 13, polycystic kidney disease in 
eight, pyelonephritis in five, diabetes mellitus 
in five, and other or unknown underlying renal 
disease in nine. Conventional and colour 
coded Doppler echocardiographic examina- 
tions were performed just after haemodialysis 
on a Toshiba 160 equipment with 2:5 and 3-5 
MHz transducers. The two echocardio- 
graphers were unaware of the clinical details. 
M mode, cross sectional, and conventional 
and colour coded Doppler echocardiograms 
and measurements were obtained by standard 
techniques. All video and paper records were 
reviewed by three cardiologists. Structural 
alterations in the cusps and annuluses of the 
aortic and mitral valves were diagnosed by 
thickened and bright echoes on both the 
M mode and cross sectional echocardiograms 
by established diagnostic criteria.'* Significant 
aortic stenosis was defined as cusp separation 
of less than 15 mm and a maximum aortic flow 
velocity greater than 2:2 m/s. Significant 
regurgitation was defined as a regurgitation jet 
on the colour and pulsed Doppler echocar- 
diograms extending more than 2 cm behind 
the plane of the aortic, mitral, or tricuspid 
valve and pandiastolic (aortic regurgitation) or 
pansystolic (mitral and tricuspid regurgita- 
tion) regurgitant flow of more than 2 m/s on 
continuous wave Doppler. Regurgitation was 
classified as mild, moderate, or severe on the 
basis of the extent to which retrograde flow 
filled the atrium or ventricle (less than one 
third, one to two thirds, more than two 
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thirds). The following blood tests were done 
before dialysis: haemoglobin, creatinine, total 
cholesterol, total calcium, phosphate, alkaline 
phosphatase (normal value <174 U/l), para- 
thyroid hormone (carboxyl terminal RIA, 
normal value 0-4-1-5 ng/ml). The mean pre- 


Table 2 Frequency of echocardiographically confirmed 
aortic and mitral valve abnormalities (valve 
calcification) in 62 patients with end stage renal disease 
mbaitb NAAPA ested Nn RCL MORN Ab HATERS NEAN TERRAE AAAA AA AAAA Eanan 
Echocardiographie Number Frequency of 
finding of patients MYVA/IAVA %0) 
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j , : } No valve alterations ue oe 
dialysis calcium-phosphate product (mmol/l) Al valve alterations 
wa. > i JAY f 3 
was calculated from the monthly determina- Taa Paes : 
tions during the 12 months before echocar- AVA: 
TES i cusp 34 35 
diography. , 3 cusps 17 27 
The clinical data were collected by an MVA and AVA combined 19 3] 


experienced physician. Results were expres- 
sed as mean (SD). The data were analysed by 
an unpaired ¢ test. A p value of <0-05 was 
considered statistically significant. 


Results 

Table 1 shows the clinical features of patients 
with and without aortic and/or mitral valve 
abnormalities. Patients with structural abnor- 
malities of aortic valve and/or mitral valve were 
older (59-5 (11-6) years, n = 40) than patients 
with normal valves (46 (13-5) n = 22). Aortic 
and mitral valve abnormalities were not 
associated with a higher incidence of hyperten- 
sion. There was a history of hypertension in 30 
(75%) of 40 patients with aortic and/or mitral 
valve abnormalities and in 49 (79%) of all 
patients (table 1). 

The interval since diagnosis of hypertension 
was similar in patients with and without struc- 
tural abnormalities of the valves (10-9 (6-4) v 
8-7 (6-8) years) but there was a tendency for 
hypertension to have been present longer in 
patients with mitral valve abnormalities than in 
those without. 

There was no association between the 
aetiology of end stage renal disease and aortic or 
mitral valve disease. No patient gave a history 
for previous rheumatic fever or infective 
endocarditis. Echocardiographically abnormal 
and thickened aortic and mitral valves (includ- 
ing the mitral annulus) with bright echoes were 
seen in 40 (64%) of the 62 patients (table 2). 
Twenty five patients (40%) had an altered 
mitral valve apparatus (at least thickened mitral 
annulus). In 34 patients (55%) one or more 
aortic cusps were thickened and all cusps were 
thickened in 17 (27%). Nineteen (76%) of the 
25 patients with mitral valve abnormalities also 
had calcification of the aortic valve. 

Seventeen (43%) of the 40 patients with 
structural valve abnormalities had a total of 26 


Table I 
fmean (SD); 


prap inanir tAE N CTE BSBA TA VO EPROM TR AMA REN ASME SERINE MARIO AAO SA 
AYA, aortic valve abnormality; MVA, mitral valve abnor- 
mality. 


abnormal Doppler echocardiographic findings 
associated with the aortic or mitral valve 
(table 3). 


AORTIC STENOSIS 

Aortic stenosis was present in three men and 
five women (8/62, (13% )). Maximal aortic flow 
ranged from 2-4 to 4-0 m/s resulting in a 
maximal instantaneous pressure gradient of 41] 
(14) mm Hg (range 23-64 mm Hg). Systolic 
blood pressure, systolic separation of the aortic 
valve, and fractional shortening were significan- 
tly lower and posterior wall thickness was 
higher in patients with aortic stenosis than in 
the remaining patients; there was no age dif- 
ference, however (table 4). 

Aortic stenosis was associated with longer 
duration on dialysis (p < 0-01), higher serum 
alkaline phosphatase concentrations (p < 
0-01), and higher serum concentrations of 
parathyroid hormone (p < 0-02), but it was not 
associated with a higher calc1um-phosphate 
product (table 4) or the underlying kidney 
disease. 


AORTIC REGURGITATION 

Aortic regurgitation was present in three 
patients with predominantly aortic stenosis and 
in one patient with mitral regurgitation, and in 
four other patients (all with structural abnor- 
malities of the aortic valve). Regurgitation was 
mild in four of the eight patients and was 
moderate in four. 


MITRAL REGURGITATION 

Mitral regurgitation was present in seven 
patients. Six of them had mitral valve abnor- 
malities, one had left ventricular dilatation with 


Comparison of patients with and without structural abnormalities of the aortic and mitral valves 











Vartable All No AVAIMVA AFA MVA AVAIMVA 
n(%) 62 22 «(355 34 55) 25 (40 4 £65) 
Age at study (yr) 55:2 (13-5) 46-9 (13-1) 59-0 £12-43% 62-9 (6 Bit 59-53 (EA 
Months on dialysis 50-4 (46-1) 357 (41-6) 56-8 (49-1) 71-2 (50-791 SPO (48-95 
Hours on dialysis (per week) 10-0 (2-0) 9-7 (2-53 10-3 (1-73 10-2 {1-7} 102 (i7) 
History of hypertension (n) 49 19 26 Ly 30 
Years of hypertension 10-0 (6-6) 8-7 (6-8) 10:3 (5-6) 133 (6-7)* OS 66-4) 
Systolic bleod pressure (mm Hg) 142 (20) 144 £19) 141 2) 140 {20 14i (20h 
Diastolic blood pressure (mm Hg) 83 gb RI {Gs 83 £9) 82 {11} 83 «(423 
Haemoglobin (g/}) 11 (4-7) 99 iLK) 102 C16) 0L fig) 192 íf 
Creatinine (pmol/l) 914 (201) 975 (203) 904 (195) RAL 0 £196) R7Q (19l 
Calcium «x phosphate product 

(mmol th 44 (0-9) 46 (0-9) 43 10-9) 44 (0-4) 43 (09) 
Alkaline phosphatase (0/1) 129 (67) 1310 (733 134 (7) 133 {72} i274 i63) 
Parathyroid hormone (ng/ml) 22 «(373 200 £34) 25 {4l 22 i40 23 (383 


anann i Anin EEANN ONOAREA AA Aa aan AN AREEN EDIDA ETEA SOATEST 
tp = 005 v no AVA/MVA; tp < 005 v no AVA MVA; Tp < 0-01 vno AVAIMYVA. . 

AVA, aortic valve abnormality, MVA, mitral valve abnormality; AVAJMVA, any abnormality of aortic ardor mitral valves; 
no AVA/MVA, neither aortic nor mitral valve abnormality. 
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Table3 Results based on Doppler echocardiograms in 17 patients with important valve 





dysfunction (n = 26) 


‘Total number of patients 
With isolated valve dysfunction 
5 


4 
3 


1 
bie combined valve dysfunction (n = 4): 


1 
2 


Type of valve dysfunction (n = 26) 


AS(8) AR(8) MR(7) MS{3) 
(a = 17) 
(n = 13): 
X 
x 
Xx 
x 
X xX x 
X xX x x 


AR, aortic regurgitation; AS, aortic stenosis; MR, mitral regurgitation; MS, mitral stenosis. 


Table¢ Findings in patients with and without aortic stenosis (mean (SD) ) 





Variable AS (n=8) NoAS (n= 54) p 
Months on dialysis 10] (43) 46 (43) 0-01 
Systolic blood pressure (mm Hg) 125 (19) 144 (19) <0-01 
Aortic cusp separation (mm) 10 (3) 20 (3) <0-001 
Posterior wall thickness (mm) 14:3 a 12:2 (2:1) <0-01 
Left ventricular fractional shortening (%) 30-0 (1-8) 35-9 (7-0) <0-03 
Parathyroid hormone (ng/ml) 54 (66)* 19 (29) <0-02 
Alkaline phosphatase (1/1) 176 (98) 117 (47) <0-O1 
Calcium x phosphate product (mmol/l) 4-3 (0-6) 4-5 (1:0) NS 


*n = 7, one patient who had had a parathyroidectomy was not included. 


AS, aortic stenosis. 


global hypokinesia and on a dilated annulus. 
Regurgitation was moderate in five and severe 
in two. Three patients had isolated (moderate) 
mitral regurgitation. 


MITRAL STENOSIS 

One patient had mild isolated mitral stenosis 
(Doppler derived mitral valve area 1-9 cm?) and 
two patients had moderate mitral stenosis (1-4 
and 1-3 cm’) associated with mitral regurgita- 
tion, aortic stenosis, and aortic regurgitation. 


TRICUSPID REGURGITATION 

Mild to moderate tricuspid valve regurgitation 
was seen in five patients and was associated with 
other valve diseases in four: one with aortic 
stenosis, one with aortic regurgitation, one 
with mitral regurgitation, and one with com- 
bined aortic and mitral valve disease. 


A COMPARISON OF CLINICAL AND DOPPLER 
ECHOCARDIOGRAPHIC DIAGNOSIS OF VALVE 
DISEASE 

The clinical diagnosis of aortic stenosis was 
correct in five, falsely negative in three, and 
falsely positive in five, when conventional and 
colour coded Doppler ultrasound were used as 
the reference standard. Aortic regurgitation 
and mitral stenosis were not diagnosed clin- 
ically in any patient; mitral regurgitation was 
correctly diagnosed in three, was falsely 
negative in three and falsely positive in four 
patients. The clinical diagnosis was correct if 
valve disease was severe (both patients with 
zortic stenosis and pressure gradients greater 
than 60 mm Hg and both patients with mitral 
regurgitation grade III). 


Discussion ` 

In keeping with several earlier studies'*"* our 
data show a high frequency (40/62) of struc- 
tural alterations of the aortic and mitral valve 
apparatus caused by degeneration and calcifica- 


Straumann, Meyer, Misteli, Blumberg, Jenzer 


tion of valve structures in patients with 
progressive renal failure. Furthermore 43% of 
our patients with structural valve changes also 
had Doppler echocardiographic evidence of 
functional abnormalities. Four patients had 
combined aortic and mitral valve diseases. 
Most importantly, aortic stenosis was present 
in eight of the 62 patients. This is more than 
éxpected from the estimated frequency of valve 
disease in the general population." Despite 
the more stringent diagnostic criteria for aortic 
stenosis in our study the frequency in patients 
with chronic renal failure and long term 
haemodialysis was higher than reported by. 
others.’ The mean age and duration of haemo- 
dialysis resembled the findings in a comparable 
study by Maher et al?! One fourth of our 
patients with calcified aortic valves—the same 
proportion as reported by Bryg et al''—had 
mild aortic regurgitation of no or little clinical 
relevance. Our finding that 40% had abnormal 
mitral valves accords with other reports’; 
however, the frequency of regurgitation (24% 
of mitral valve abnormalities) differs from the 
report by Bryg, who found that 37% of patients 
with calcification of the mitral annulus had 
mitral regurgitation.’ Labovitz et al reported 
that 55% of patients with a calcified mitral 
annulus had mitral regurgitation.” This dis- 
crepancy may be partly explained by the fact 
that in our study Doppler echocardiography 
was performed after haemodialysis—that is, 
without or at a reduced volume overload. 
Degeneration and calcification of tricuspid 
aortic valves without rheumatic changes is an 
unusual cause of aortic stenosis in patients 
under the age of 70.” The mean (SD) age of 
our study population was 55-2 (13-5) years. 
Though our patients with abnormal aortic or 
mitral valves were older than patients without 
(table 1), those with functional abnormalities 
were almost the same age as those with only 
structural changes (61-4 (6:8), n = 17 v 59-5 
(11-4) n = 23). However, we found a strong 
correlation between the duration of haemo- 
dialysis treatment and the development of 
aortic stenosis. Patients with aortic stenosis had 
been more than twice as long on haemodialysis 
as those without (p < 0-001). Duration of 
haemodialysis was also an independent predic- 
tor of structural abnormalities of the aortic and 
mitral valves in another study and was 
associated with premature valve calcification.” 
The duration of renal failure and subsequent 
haemodialysis may cause mechanical stress on 
valves mainly through hypertension and 
increased cardiac output (anaemia, arterioven- 
ous fistula) causing further valve changes. In 
addition, slight inequalities in cusp size, which 
Roberts suggested may contribute to the 
development of senile tricuspid aortic sten- 
osis,” may also contribute to aortic valve cal- 
cification and to aortic stenosis in patients on 
long-term haemodialysis. 

We also found that serum alkaline phos- 
phatase and parathyroid hormone concentra- 
‘tions were increased in our patients with aortic 
stenosis, suggesting altered bone tissue 
‘metabolism and metastatic calcification as a 


‘probable cause of premature valve calcification. 


‘This accords with a report linking aortic 


Aortic and mitral valve disease in patients with end stage renal failure on long-term haemodialysis 


sclerosis with renal osteodystrophy.’ Never- 
theless, the ranges for alkaline phosphatase and 
parathyroid hormone were too wide to predict 
the risk of aortic stenosis developing in 
individual patients with high serum concentra- 
tions. In addition, we used a C-terminal 
parathyroid hormone assay, which because it 
also measures the inactive metabolites of 
parathyroid hormone, is not very specific. 

An increased calcium-phosphate product 
caused by secondary hyperparathyroidism and 
the failure to control hyperphosphataemia have 
been associated with premature calcification of 
the aortic valve and mitral annulus.” Maher 
et al found that the calctum-phosphate product 
was greater in patients with aortic calcification 
than in those without.” This finding contrasts 
with our patients who did not show a significant 
increase in the calcium-phosphate product des- 
pite the increase in parathyroid hormone con- 
centrations. This discrepancy is not easy to 
explain but might be related to good control of 
phosphataemia in our patients, at least during 
the last 12 months on dialysis. Furthermore, 
others have reported similar findings to ours." 

The sensitivity of the clinical diagnosis of 
heart valve disease in the current study was 
low: 60% for aortic stenosis and 40% for mitral 
regurgitation. This accords with other 
studies. 7 Aortic stenosis was clinically diag- 
nosed in only two out of five patients in a 
comparable study by Maher.” In a study by 
Labovitz 17 of 28 patients with known mitral 
regurgitation and calcification of the mitral 
annulus (out of a total of 51 patients with 
mitral annulus calcification) had an apical 
murmur. Of the 17 found to have a moderate to 
severe mitral regurgitation by Doppler, only 11 
(65%) had a murmur consistent with mitral 
regurgitation. None of the four patients with 
Doppler echocardiographic evidence of mitral 
stenosis had a diastolic rumble or an opening 
snap.” Moreover, a systolic murmur may be 
caused by calcium in the mitral annulus itself 
(vibration of the mitral valve ring) independent 
of mitral regurgitation.” The clinical diagnosis 
of degenerative aortic stenosis in elderly 
patients is known to be difficult.’ ° Maher noted 
that systolic murmurs are commonly attributed 
to flow murmurs and other signs of aortic 
stenosis may be masked by hypertension and 
increased cardiac output.”' Selzer and Roberts 
proposed factors influencing clinical diagnosis 
such as a different configuration of a usually 
tricuspid valve, calcium deposits limited to the 
aortic aspects of the valve, unfused commis- 
ures, and additional calcification of the mitral 
annulus in most patients’’’*: these causes may 
also be relevant in patients with end stage renal 
disease on long-term haemodialysis. 


Conclusions 

Degenerative calcification of the aortic and 
mitral valves was more common in patients 
with end stage renal failure on long-term 
haemodialysis than that reported in patients of 
similar age with normal renal function. Unlike 
patients with normal renal function and valve 
disease there was no preponderance of female 
patients: the association between calcification of 
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the mitral annulus and aortic valve was equally 
common in both sexes. The proportion of 
patients on long-term haemodialysis with 
important disease of the aortic and mitral 
valves was much higher than would have been 
predicted by clinical examination, The dura- 
tion of haemodialysis and altered bone 
metabolism may be aetiological factors in the 
development of aortic stenosis. Prevention or 
early treatment of secondary hyperparathy- 
roidism might be important. Because aortic 


stenosis can progress rapidly” ” and can lead to 
haemodialysis, 


severe hypotension during 
Doppler echocardiography at regular intervals 
is recommended in order to assess haemo- 
dynamically important valve lesions, even in 
the absence of clear cardiovascular symptoms. 
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Stenting of the arterial duct: a new approach to 
palliation for pulmonary atresia 


John L Gibbs, Martin T Rothman, Michael R Rees, Jonathan M Parsons, 


Mike E Blackburn, Carlos E Ruiz 


Abstract 

Objective—To assess the possibility of 
maintaining ductal patency in neonates 
with complex pulmonary atresia by per- 
cutaneous implantation of balloon ex- 
pandable stents. 

Patients—Two duct-dependent neo- 
nates with long segment pulmonary 
atresia, right sided aortic arch, and left 
sided arterial duct. 

Results—Stents with final diameter of 
3:5 or 4mm and initial length of 7 or 
15mm were successfully positioned in 
the arterial duct. Two stents were 
required in one child and four in the 
other in order to stent the entire length 
of the duct. After the procedures the 
ducts remained widely patent and 
arterial oxygen saturations remained 
above 80%. Complications of the 
procedures included perforation of a 
peripheral pulmonary artery and car- 
diac perforation, both caused by guide 
wire manipulation. Both babies died 
suddenly, one at five weeks, and the other 
at nine days after successful stenting of 
the duct. Both ducts were patent at 
necropsy; the exact cause of one death 
was not clearly defined, but the second 
seemed to be caused by pneumococcal 
septicaemia. 

Conclusions—Stenting of the arterial 
duct is technically feasible. It provides 
adequate palliation for neonates with 
pulmonary atresia at least in the short 
term and it seems to result in balanced, 
central perfusion of both pulmonary 
arteries. This preliminary report sug- 
gests that this previously untried tech- 
nique may prove to be a promising and 
attractive alternative to neonatal 
aortopulmonary shunt operation. 


Conventional palliative treatment of duct 
dependent long segment pulmonary atresia 


consists of treatment with prostaglandin E in. 
‘the short term and of surgical fashioning of an 


aortopulmonary shunt in the medium term. A 
logical alternative to surgical aortopulmonary 
anastomosis would be to prevent the arterial 
duct from closing. Expandable metal stents 
have proved effective in the treatment of 
intravascular stenoses at various sites includ- 
ing the pulmonary arteries and the inferior 
caval vein? and, more recently, in coronary 
artery stenosis or intimal dissection after 


balloon angioplasty.* Stenting of the arterial 
duct in duct dependent congenital heart dis- 
ease has not, however, been attempted. We 
report the successful maintenance of ductal 
patency by implantation of expandable stain- 
less steel stents. The technical procedure (per- 
formed in each case under general anaes- 
thesia), its potential complications, and its 
very considerable future promise in the pallia- 
tion of duct dependent congenital heart dis- 
ease are discussed. 


Patients and methods 
CASE 1 
A 2:6 kg boy presented with cyanosis and a 
soft continuous murmur when he was four 
hours old. He had an extensive cleft lip and 
palate and a bifid right thumb. Echocardio- 
graphy and later cardiac catheterisation and 
angiography showed severe hypoplasia of the | 
right ventricle and tricuspid valve with an 
intact ventricular septum, right ventricular 
sinusoids, long segment pulmonary atresia, 
small but confluent pulmonary arteries, a right 
sided aortic arch, and a left sided arterial duct 
arising at the origin of the left subclavian 
artery. He was maintained on an infusion of 
prostaglandin E and at the age of five days 
underwent a Waterston aortopulmonary anas- 
tomosis. The right pulmonary artery was 
found to be approximately 25mm in 
diameter behind the ascending aorta. Post- 
operatively the child remained duct depen- 
dent. Angiography showed that the shunt was 
completely occluded. In view of the failed 
attempt at surgical palliation and with infor- 
med consent from the child’s parents, we 
believed the alternative approach of stenting 
the arterial duct was justified. 

Initially we chose a titanium wire stent 


_ (Wiliam Cook, USA) that was premounted 


on a balloon catheter with 4mm inflated 
diameter and a 5F shaft. The 6F sheath neces- 
sary for delivery of the device, however, 
proved too large to pass retrogradely up the 
femoral artery or anterogradely to the duct via 
the inferior caval vein, the atrial septum, the 
left ventricle and the ascending aorta. Clearly, 
it was essential to use a device that could be 
delivered through a smaller sheath and we 
then chose a Palmaz-Schatz stainless steel 
stent (Ethicon Ltd, Johnson & Johnson) de- 
signed for implantation in adult coronary 
arteries (fig 1).'? This stent is 15 mm long, 
consisting of two 7 mm lengths joined by a 
single 1 mm bridge, the two halves being 
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5 mg/kg in three divided doses daily. He was 
extubated 11 days later, when pulse oximetry 
showed stable oxygen saturations between 
80% and 85%. Four weeks after the proce- 
dure he remained well saturated but mildly 
tachypnoeic, requiring treatment with 
diuretics. He was found dead in his cot when 
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Figure 2 (A) A left ventriculogram in thi 
anteroposterior projection showing the right sided 
aortic arch and the left sided arterial duct 

arrowed ) that supplied the pulmonary arteries in 
case 1. (B) Delivery of the first (7 mm) stent to thi 
distal part of the duct. The balloon is seen inflated 
within the duct, having been passed over a guide 
wire inserted via the right axillary artery and 
positioned in a distal pulmonary artery in the right 
upper lobe. (C) After deflation of the balloon, 
angiography showed the duct to be widely patent 

D) A plain radiograph after the delivery of the 
first stent showing the expanded stent to be just 
visible (arrowed) in the distal part of the duct 
There is right upper lobe shadowing caused by 
pulmonary haemorrhage induced by the guide wire 

E) A plain radiograph taken after completion of 
the procedures, showing the 7 mm and 15 mm stents 
expanded within the duct. The two stents overlap by 
1:5-2 mm to produce an overall stent length of 
approximately 17 mm. 


he was five weeks old. At necropsy the duct 
and both branch pulmonary arteries were 
widely patent and the immediate cause of 
death was uncertain. 


CASE 2 
A 2:6 kg boy presented with cyanosis when he 
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Figure 1 A7 mm long 
Palmaz-Schatz coronary 
stent (A) unexpanded, 
mounted upon a 3-7F, 

4 mm coronary 
angioplasty balloon 
catheter and í B) after 
inflation to a diameter of 
4mm, 





easily separated into equal 7 mm lengths by 
very careful cutting of the bridge (although 
this is not recommended by the manufac- 
turer). After inflation to 4mm diameter the 
7 mm length shortens to approximately 6 mm 
and the 15 mm long complete stent shortens 


to approximately 13mm. The stent is 
operator mounted on a balloon catheter of the 
operator’s choice, in this case an ACS coron- 
ary angioplasty balloon catheter with an 
inflated diameter of 4 mm and shaft of 3-7 F. 
At right axillary artery cutdown a 5F Van 
Andel sheath (William Cook) was passed to 
the aortic arch. A 4F multipurpose catheter 
was passed through the sheath, bleeding being 
prevented by an ACS ‘Tuchy-Borst type 
rotating haemostatic valve. A superfloppy 
0-016 inch guide wire was manipulated down 
the duct and into the peripheral left lower 
lobe pulmonary artery. The catheter was then 
advanced over the guide wire into the distal 
pulmonary artery, the guide wire was ex- 
changed for a stiffer wire (intermediate 0-016 
inch, USCI Bard) and the multipurpose cath- 
eter was replaced by the balloon catheter with 
the stent mounted upon it. The balloon cath- 
eter was positioned (dye injected through the 
sheath and the central balloon marker were 
used to guide accurate placement) in the duct 
and the balloon was inflated to 4mm at a 
pressure of 8 atm for 20 seconds. There was 
transient hypotension and a fall in oxygen 
saturation during balloon inflation, with 
prompt recovery after deflation. Repeat 
angiography showed the duct to be widely 
patent and pulse oximetry showed an increase 
in peripheral oxygen saturation from 75% to 
90%. The stent was not visible on radio- 
graphic screening, but this was not considered 
remarkable because the stent is rarely visible 
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in adult coronary arteries. Treatment with 
prostaglandin E was stopped and the arter- 
iotomy repaired. 

After three hours the oxygen saturation fell 
to 40%. This did not improve after throm- 
bolytic treatment but rose again to 85% when 
intravenous prostaglandin was restarted. 
Doppler colour flow mapping showed evi- 
dence of distal ductal stenosis which sugges- 
ted that the implanted stent was too short. An 
attempt at changing to oral prostaglandin was 
unsuccessful. 

Ten days later a second right axillary arter- 
iotomy was performed and a 7 mm Johnson & 
Johnson stent was positioned in a similar 
manner in the distal duct uneventfully using a 
similar 4 mm balloon catheter (fig 2). Angio- 
graphy confirmed a very satisfactory stent 
position in the distal part of the duct, with the 
stent being just visible on screening and 
plainly visible on the plain chest radiograph 
on this occasion (fig 2). The duct was widely 
patent and the arterial oxygen saturation had 
again risen to 90%. The child was returned to 
the intensive care unit, where 15 minutes later 
the oxygen saturation again fell to 40%, there 
was a fresh haemorrhage from the endo- 
tracheal tube and radiographic evidence of 
right upper lobe consolidation. The bleeding 
stopped without specific treatment but the 
next day oxygen saturation had not improved. 
Thrombolytic treatment did not cause any 
further haemorrhage but failed to produce any 
clinical improvement and prostaglandin E had 
little effect in the dose previously used success- 
fully. Ultrasound examination proved unhelp- 
ful on this occasion. A repeat chest radio- 
graph, however, showed the distal stent 
clearly, but the longer stent was still not 
visible in the proximal duct or in any other 
position in the vascular system. Retrospec- 
tively it became clear that the first stent had 
not, in fact, been deployed in the duct and had 
been pushed backwards off the balloon during 
the introduction of the balloon catheter, later 
to be unwittingly discarded inside the hae- 
mostatic valve. 

The child improved with high dose intra- 
venous prostaglandin E. His parents en- 
couraged us to reattempt stenting of the 
proximal duct, and three days later the child 
was returned to the catheter laboratory where, 
through a left axillary artery cutdown, a 
15 mm stent was easily positioned and expan- 
ded to 4 mm in the proximal duct overlapping 
the distal stent by 1-5-2 mm. Repeat angio- 
graphy showed the entire duct to be widely 
patent and both stents were visible on screen- 
ing and on the plain chest radiograph (fig 2). 
The oxygen saturations remained above 85% 
without prostaglandin E. The child was 
treated with dipyridamole, aspirin, and a 
heparin infusion pending stabilisation of the 
prothrombin time on warfarin. 

His recovery was complicated by a further 
pulmonary haemorrhage five days later, 
requiring reversal of anticoagulation with 
fresh frozen plasma and discontinuation of 
warfarin. He continued to be treated with 
aspirin 15 mg/kg once daily and dipyridamole 
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was two days old. He was the second of twins 
(his twin brother had coarctation of the aorta). 
Investigation showed him to have atrial 
isomerism, a complete atrioventricular septal 
defect, and long segment pulmonary atresia 
with confluent but small pulmonary arteries 
and with a right sided aortic arch and a left 
sided arterial duct supplying the pulmonary 
arteries. His parents wished to avoid surgical 
treatment and gave their informed consent to 
an attempt at stenting the arterial duct. 
Angiography via a right axillary artery cut- 
down and a 5F Van Andel sheath confirmed a 
right sided aortic arch with a long, curved, 
distally stenosed duct arising from the left side 
of the proximal aortic arch. The left subclavian 
artery arose anomalously from the descending 
aorta. The arterial duct was cannulated with a 
4F Cobra catheter, a 0-014 inch guide wire was 
positioned in the right lower lobe pulmonary 
artery, and a 7mm long Johnson & Johnson 
stent was deployed in the distal duct through a 
4mm (3-3F) ACX coronary angioplasty 
balloon catheter. A brief attempt was made to 
insert a second stent more proximally in the 
duct, but the procedure was abandoned be- 
cause of increasing metabolic acidosis and 
transient extreme bradycardia. The child made 
a prompt recovery. Treatment was continued 
with prostaglandin E, dipyridamole, and 
heparin. 

Six days later the right femoral vein was 
catheterised and a 4F Cobra catheter was 
passed to the right atrium, the right ventricle, 
across the ventricular septal defect to the 
ascending aorta, and thence to the arterial duct. 
A guide wire (0-018 inch Terumo) was posi- 
tioned in the right lower lobe pulmonary artery 
and the catheter was exchanged for a 3-5 mm 
(3-6F) ACS Pinkerton balloon angioplasty 
catheter. During catheter manipulation 
through the right ventricle the stent became 
dislodged distally from the balloon, coming to 
lie on the guide wire alone high in the inferior 
caval vein. The stent was retrieved by snaring 
the distal end of the guide wire in the right 
atrium via a second catheter in the femoral vein. 
Retrieval of the stent was complicated by acute 
tamponade caused by cardiac perforation by 
the tip of the snare, but this was treated 
successfully by prompt pericardiocentesis and 
autotransfusion. The procedure was aban- 
doned. The child made an uncomplicated 
recovery and eight days later the duct was again 
catheterised with a 6F long curved sheath via 
the left femoral vein. The sheath was advanced 
to the ascending aorta and a guide wire was 
positioned in the right lower lobe pulmonary 
artery. A 15 mm stent was deployed in the duct 
with its tip just inside the existing 7 mm stent 
in the distal duct. Repeat angiography showed 
satisfactory stent positions with excellent flow 
to both pulmonary arteries, but the combined 
length of the stents still seemed to be too short. 
A further 7 mm stent was deployed in the most 
proximal part of the duct. Transient marked 
hypotension and bradycardia occurred at this 
stage, apparently owing to splinting of the right 
ventricle, the atrioventricular valve, and the 
aortic valve by the sheath. Final angiography 
showed a very satisfactory result. 
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Treatment was continued with dipyrida- 
mole, aspirin (15 mg/kg/day), and a heparin 
infusion to keep the activated partial thrombo- 
plastin time at 2-2-5 times the control value. 
The child remained well with arterial oxygen 
saturations above 80%. He was extubated the 
following day and anticoagulated with war- 
farin, our initial plan being to continue this for 
eight weeks, when we expected that endothe- 
lialisation of the stent would be complete. 

Ten days later he again became cyanosed. 
Repeat aortography via the right femoral artery 
showed very localised stenosis of the duct 
immediately at its junction with the pulmonary 
artery (ig 3). A further 7mm stent was 
delivered to this site and dilated to a diameter of 
35mm without difficulty, and with prompt 
improvement in oxygen saturation to 90%, At 
review eight days later the child was well and 
gaining weight. Pulse oximetry showed read- 
ings between 80% and 90% throughout the 
day. He was discharged home, where the 
following day he suffered two apnoeic episodes 
despite remaining pink and well. He suffered a 
further apnoeic episode on the way to hospital 
and resuscitation was unsuccessful. Necropsy 
showed that the duct was patent; there was 
asplenia and pneumococci were isolated from 
postmortem blood cultures. Three days later 
his twin brother was admitted to hospital after a 
near miss cot death at home. 


Discussion 

Although aortopulmonary shunt operations 
provide life-saving palliative treatment at low 
risk for neonates with pulmonary atresia, such 
surgical treatment has potential drawbacks. 
Both Blalock-Taussig (classical or modified) 
and Waterston shunts usually produce prefer- 
ential blood flow to the pulmonary artery on the 
side of the shunt that can result in differential 
growth of the right and left pulmonary arteries. 
The Waterston anastomosis may be associated 
with distortion of the right pulmonary artery or 
pulmonary hypertension, and any kind of sur- 
gical intervention will inevitably result in scar- 
ring which may increase the risk of later, more 
definitive, surgical treatment. Non-surgical 
maintenance of ductal patency is therefore a 
highly desirable goal. 

The recent development of stents for im- 
plantation into coronary arteries had led to the 
manufacture of stents of suitable size for use in 
the neonatal arterial duct. There are various 
forms of stent—from elaborate balloon ex- 
pandable titanium coils to expandable stainless 
steel tubes and self expanding sprung steel 
cages. Self expanding stents have the potential 
disadvantage of relative lack of operator control 
of the final stent diameter. Balloon expandable 
stents have the theoretical advantage that it 
may prove possible to increase stent diameter at 
a later date simply by repeat balloon dilatation. 
We therefore thought that a balloon expand- 
able stent was best suited to our purpose. Our 
initial choice of the Cook titanium coil design 
was prompted by the fact that the stent is 
clearly visible on radiographic screening. 
However, our experience suggests that a 
delivery system of 6F is too large to allow safe 





percutaneous arterial access in babies of this 
size. The Palmaz-Schatz stent has the distinct 
advantage of being operator mounted on the 
balloon catheter rather than being pre- 
mounted by the manufacturer. This allows the 
operator to choose a balloon catheter of 
appropriate length, shaft size, and inflated 
diameter for individual ductal anatomy. The 
catheters we chose had shaft sizes of only 3-3, 
3-6, and 3-7F and even with the stent mounted 
upon the balloon the catheter passed easily 
through a 5F sheath which, in turn, was small 
enough to be introduced into the axillary artery 
with ease. 

Despite the repeated cardiac catheterisations 
required in these cases before successful stent- 
ing of the duct, we encountered few major 
complications. Arterial damage should be 
avoidable if the stent delivery system can be 
kept as small as 5F. A peripheral right pulmon- 
ary artery was perforated by a superfloppy wire 
and the tip of a snare fashioned from a 0-014 
inch guide wire perforated the heart. Height- 
ened awareness of the possibility that even 
atraumatic wires can perforate the heart or 
blood vessels should minimise this risk. 

It seems likely that the pulmonary haemor- 
rhage in our first case was exacerbated by 
antiplatelet and anticoagulant therapy and in 
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Figure 3 (A) Angiography after 
implantation of three stents in case 2 
showing localised stenosis (arrowed) of the 
duct just at its junction with the pulmonary 
artery. (B) After delivery of a fourth 
stent at this distal stenosis repeat 
angiography showed the duct to be widely 
patent throughout its length with excellent, 
j| well balanced flow to both branch 

pulmonary arteries. (C) A plain 
radiograph showing the four ductal stents 
in position. The overlap between each stent 
has allowed the stents to follow the natural 
curved shape of the duct without distorting 
the ductal anatomy. 






our case the bleeding required warfarin treat- 
ment to be stopped. Despite this there has been 
no suggestion of clot formation within the stent 
and it may be that the high flow through a4 mm 
diameter duct makes thrombosis unlikely and 
anticoagulant therapy unneccessary. Treat- 
ment with aspirin and dipyridamole does, 
however, seem advisable in the light of 
experience with stent implantation at other 
sites,'* at least until the stent surfaces are likely 
to be completely endothelialised. We pro- 
visionally planned to continue these drugs for 
approximately two months from the stent 
implant. No complications were caused by 
ductal damage, although dissection of the duct 
by a guide wire or tears induced by stent 
deployment remain theoretical risks. 

Repeated procedures were required in both 
our cases because short sections of the arterial 
duct remained unstented. This was partly 
because we decided to stent the ducts in 
sections, sometimes using half length stents to 
maximise flexibility of the balloon catheter/ 
stent combination at tortuous sites. The most 
distal part of the duct seems to have remarkable 
powers to constrict even when only a few 
millimetres is left unstented. We now ap- 
preciate that great care has to be taken to ensure 
very accurate stent positioning at this end of the 
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duct at an initial procedure if repeated visits to 
the catheter laboratory are to be avoided. 
There was no clear cause of death in our first 
case, but as far as is possible to ascertain neither 
child died with inadequate pulmonary blood 
flow. The first child had apnoeic attacks in the 
immediate neonatal period which had been 
attributed to airway obstruction related to his 
extensive cleft palate and it is possible that this 
may have contributed to his death. His pul- 
monary blood flow seemed to be relatively high 
and he had required treatment with diuretics; 
left ventricular volume overload may also have 
contributed to his death. The second child had 
extremely complex congenital heart disease 
and asplenia. His death was almost certainly 
due to septicaemia, because pneumococci were 
grown from the postmortem blood culture. His 
twin brother’s near miss cot death is also of note 
but of uncertain relevance. We are planning 
further detailed investigation of the ducts, 
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including histological assessment of endothe- 
lialisation. 

Further follow up and further experience in 
other patients with a wider variety of ductal 
anatomy is clearly required before medium 
term results of ductal stenting can be assessed. 
At least in the short term, however, this 
procedure seems to promise a non-surgical 
alternative to aortopulmonary shunt surgery, 
with the very attractive benefit of providing 
balanced perfusion of both lungs and therefore 
the potential of balanced growth of the pul- 
monary arteries. 


1 Mullins CE, O’Laughlin MP, Vick GW, et al. Implantanon 
of balloon expandable intravascular grafts by catheterisa~ 
tion in pulmonary arteries and systemic veins. Circulation 
1988;77:188-—99, 

2 Schatz RA, Baim DS, Leon M, er al. Clinical experience 
with the Palmaz-Schatz coronary stent. Initial results of a 
multicenter study. Crrewlation 1991;83:148-61. 
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Cardiac conduction abnormalities and rhythm 
changes after neonatal anatomical correction of 
transposition of the great arteries 


S Menahem, M S Ranjit, C Stewart, W J Brawn, R B B Mee, J L Wilkinson 


Abstract 

Seventy three infants who underwent 
neonatal anatomical correction for 
transposition of the great arteries with 
or without a ventricular septal defect 
were reviewed for evidence of conduc- 
tion and rhythm abnormalities ` on 
preoperative and postoperative 12 lead 
electrocardiograms and during 24 hour 
Holter monitoring. There was a partial 
right bundle branch block pattern in 
47% (29/62) of all patients and in 60% 
(24/40) of those with simple transposi- 
tion. Complete right bundle branch 
block was noted in 21% including 5% 
with simple transposition. Holter moni- 
toring showed sinus rhythm in all 
patients except three: one had episodes 
of supraventricular tachycardia, another 
an intermittent second degree heart 
block, and a third a complete heart 
block. Atrial extrasystoles were noted in 
47% (29/62) of patients but were frequent. 
in only three patients. Occasional 
unifocal ventricular extrasystoles were 
encountered in 37% (23/62) of patients 
and were frequent in a further 3% (2/62). 
Only one patient (2%) developed mul- 
tifocal ventricular extrasystoles. The 
frequency of important cardiac arrhyth- 
mias after neonatal anatomical correc- 
tion of transposition of the great arteries 
was 5%, significantly less than that repor- 
ted after atrial inflow diversion for the 
same malformation. 


In the past decade anatomical correction has 
become the treatment of choice for simple 
transposition of the great arteries as well as for 
transposition with ventricular septal defect. 
Early concerns’? included the ideal age for 
surgery, late ventricular function, neo-aortic 
valve competence, late coronary ostial sten- 
osis, growth of the atrial anastomoses and the 
frequency of postoperative arrhythmias.*° 
Many of these concerns have been allayed to a 
large extent,°* though reports of pulmonary 
artery stenosis are not uncommon.®!° Normal 
ventricular function has been reported,'*? 
together with a low frequency of important 
arrhythmias in the postoperative period.'*"* 
These earlier studies of rhythm disturb- 
ances included a heterogenous group where 
the anatomical correction was done usually 
later in infancy after earlier banding of the 
pulmonary artery." In a subsequent study 


54 of the 92 patients‘reviewed had a primary 
(1 stage) anatomical correction, but 23 of the 
29 who had their ventricular septal defect 
closed required a ventriculotomy.’* Neonatal 
arterial switches including closure of a ven- 
tricular septal defect without the need for a 
ventriculotomy have been successfully perfor- 
med at this centre since 1983.’ Such patients 
formed a homogeneous group subjected to 
early correction and in whom conduction and 
rhythm disturbances could be studied before 
(whenever such information was available) 
and after operation. 


Patients and methods 

We studied all patients who had transposition 
of the great vessels or transposition with a 
ventricular septal defect and who had correc- 
tion in the neonatal period and were sub- 
sequently followed up at our hospital. The 
former group also included infants with a 
small ventricular septal defect that did not 
require closure. We excluded patients with 
“complex” transposition—for example double 
outlet right ventricle or those with multiple 
ventricular septal defects. We also excluded 
the few infants who had surgery beyond the 
neonatal period or those who had an initial 
pulmonary artery banding done before ana- 
tomical correction. None of the patients had a 
ventriculotomy for closure of a ventricular 
septal defect. We also excluded patients re- 
turning overseas, or leaving the state, or lost 
to follow up. 

The records of each infant were reviewed 
and any preoperative or postoperative risk 
factors that might predispose to an arrhythmia 
were noted. Special attention was given to the 
coronary artery patterns as well as any diffi- 
culties encountered in their transfer. At follow 
up (mean duration 27 months and up to 68 
months) the clinical, cross sectional echocar- 
diographic, and cardiac catheterisation find- 
ings were noted. All available preoperative 
(before and after balloon atrial septostomy), 
postoperative, and serial follow up electrocar- 
diograms were reviewed. After the study 
started a sample group of patients underwent 
24 hour Holter monitoring preoperatively and 
in the immediate postoperative period for the 
purpose of comparison. Subsequent 24 hour 
Holter recordings were obtained after admis- 
sion for postoperative cardiac catheterisation, 
at review appointments, or after letters of 
recall. All such Holter monitoring was carried 
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Table! Clinical details a balloon atrial septostomy at presentation. 
Table 1 summarises their clinical details. Fifty 
three per cent (39 neonates) had surgery in the 


Data ` Simple TGA TGA with VSD Total first two weeks of life. There was difficulty in 
Paints aaa a å o a O O transferring the coronary arteries in four 
Age at switch (days): patients. In two the infundibular branch had to 
vea ee Pai 3-28 be sacrificed, while the other two needed stay 
Follow up (mnth) (range) 2-63 2—68 2-68 sutures or reimplantation of the coronary 
olter . * š 
Freonen tive fa) ‘3 P i artery because of kinking of the right coronary 
3 l amope tative (n) - ; 4 17 artery. 
ollow up 23 60 i i 
A TEE 5-60 (26) 56a 5) ee Tables 2 and 3 summarise the details of the 


electrocardiograms and Holter traces: not all 
the infants had preoperative electrocardio- 
grams. Preoperative and immediate post- 
operative (first two weeks) 24 hour Holter 
recordings were available from 16 and 17 
patients respectively. 


TGA, transposition of the great arteries; VSD, ventricular sepral defect. 


out when the subject was off medical treatment 
except for one who was taking digoxin for 


supraventri ja. 
p tricular tachycardia. All the electro- ELECTROCARDIOGRAPHIC FINDINGS 


cardiograms were examined for any con- 
duction abnormalities or arrhythmia. The 
Texas Children’s Hospital Pediatric Electro- 
cardiographic norms were used in interpreta- 
tion,” and all abnormal findings were 
tabulated. The Holter recordings were repor- 
ted by an experienced cardiac technician (CS) 
and hard copies of any arrhythmias were re- 
viewed by the cardiologist. Like Martin 
et al% short periods of sinus bradycardia (over 
50/minute) or of sinus tachycardia (under 180/ 
minute) were accepted as being within normal 
limits, as was sinus arrhythmia or brief sinus 
pauses.” Right bundle branch block was 
diagnosed when a typical rsR pattern was seen 
in V1 and V2 associated with broad S waves in 
V6 and when the QRS duration was above the 
upper limit for age. A similar pattern with a 
normal QRS interval was diagnosed as partial 
right bundle branch block. Less than 12 
supraventricular extrasystoles per peak hour 
were classified as being occasional and more 
than 12 per peak hour as frequent. Supraven- 
tricular tachycardia was diagnosed when it 
occurred for more than three beats in succes- 
sion. Ventricular arrhythmias were classified 
according to the modified Lown criteria." 


Results 

Seventy three patients who had a neonatal 
arterial switch operation and who satisfied the 
above selection criteria were included in the 
study group. Forty nine had simple transposi- 
tion and 24 had transposition with ventricular 
septal defect requiring closure. All patients had 


Table 2 Preoperative and postoperative electrocardiographic abnormalities 


Simple transposition (n) (%) 


Transposition with VSD (n) (9%) 


Two patients had transient evidence of 
myocardial ischaemia in the postoperative 
period. Thirteen others (18%) had non-specific 
ST segment or T wave changes in the electro- 
cardiogram recorded immediately after opera- 
tion.” At follow up none of the patients had 
persistent evidence of ischaemia or any ST 
segment or T wave changes. Ischaemic changes 
did not develop in any of the patients in whom 
there was difficulty in transfer of the coronary 
arteries. 

Partial right bundle branch block, seen in 
7% of patients preoperatively (five out of 64 
who had a preoperative electrocardiogram) and 
at follow up in 47% (29/62), was the common- 
est “conduction” abnormality noted. Com- 
plete right bundle branch block was not seen 
preoperatively but was found in 21% (13/62) 
postoperatively. Two patients with simple 
transposition who developed right bundle 
branch block postoperatively had only a partial 
right bundle branch block at later follow up. 
Two others with simple transposition who in 
the immediate postoperative period had only a 
partial right bundle branch block went on to 
develop a complete right bundle branch block. 
All other patients with complete right bundle 
branch block had a ventricular septal defect 
closed. A partial right bundle branch block 
pattern disappeared in three patients. Right 
bundle branch block with left axis deviation 
was seen in 5% (3/62) of patients at follow up. 

First degree heart block was seen in 5% 
(3/62) of patients, while one patient displayed 
intermittent second degree Wenckebach 
atrioventricular block on late follow up. 


All cases 


Follow up (n) (%) 


Pre BAS Post BAS Post op Follow up Pre BAS Post BAS Post op Follow up 

Pattents (43/49) (45/49) (49/49) (40/49) (21/24) (21/24) (23/24) (22/24) (62/73) 
Parnal RBBB 4 (9 49 34 (69) 24 (60) i 6) 0 6 (25) 5 (23) 29 (47) 
Complete BBB 0 2) Q i 2 (4) 2 (5) 0 0 1 (48) 11 (50) 13 (21) 
Left axis deviation 1 (2) 1 (2) 2 (4) 1 (3) 2 (9) 3 (16) 1 (4) 1 (5) 2 (3) 
LAD + RBBB 0 0 0 0 0 0 3 (13) 3 (14) 3 (5) 
T° heart block 0 0 0 3 (13) 0 0 0 3 (5) 
II* heart block 0 0 0 0 0 0 0 1 (4) 1 (2) 
Complete heart block 6 0 0 6 0 1 (4) 1 (4) I (2) 
Non-specific ST/T wave changes? (4) 1 (2) 9 (18) 0 I (5) 1 (5) 4 (17) 0 0 

Ischaemia 0 0 0 0 0 2 (8) 0 0 





RBBB, right bundle branch block; LAD, left axis deviation; ST/T wave changes, ST segment or T wave changes; BAS, balloon atrial septostomy; I", first degree, 
IT’, second degree. 
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Table3 24 hour Holter monitoring: preoperative and postoperative arrhythmias 


Simple transposition (n) (%) 


Transposition with VSD (n) (%) 


-cacennvenannanncanencionaatattee NINA CT cases at 
Pr Post op Follow up follow up (n) (%) 
ee ee geen ae “iy 25 62 
mene 
occasional 1 (8 9 (69) 17 (43) 1 (33) 3 (75) 9 (38) 26 (42) 
SVE oan l S 0 3 (8) 0 0 0 3 (5) 
wing with 
SVEN g 3 (23) 1 (8) 5 (13) 0 0 2 (8) eos 
SVT 1 (8) 1 a 1 (3) 0 0 2 
Junctional tachycardia 0 1 (8) 0 0 0 
TA = 5 (38) 5 (38) 14 (36) 2 (66) 1 (25) 9 (38) 23 ah 
Grade II 1 (8) 2 Ue 2 A 0 0 0 2 G? 
Grade III 1 (8) 1 (8 1 6 0 1 (25) 0 1 (2) 
Grade IV 0 0 0 0 0 0 0 
Grade V 0 1 (8) 0 0 0 0 0 


L aaa 
SVE, supraventricular extrasystoles; occasional, less than 12 beats in a peak hour; frequent, over 12 per peak hour; SVT, 


supraventricular tachycardia; JE, junctional extrasystoles. 


Another infant with transposition and ven- 
tricular septal defect developed complete heart 
block after surgical correction. 


HOLTER MONITORING 
Preoperatively one neonate had supraventric- 
ular tachycardia, soon after balloon atrial sep- 
tostomy. Follow up electrocardiograms and 
Holter recordings from this symptom free child 
showed sinus rhythm. A further patient with 
‘supraventricular tachycardia in the immediate 
postoperative period also had sinus rhythm on 
follow up two years after surgery. In another 
patient symptomatic supraventricular 
tachycardia at follow up (1/62, 2%) was con- 
trolled by digoxin; subsequent Holter record- 
ing two years after surgery showed sinus 
rhythm. Apart from the patient who developed 
postoperative complete heart block and 
another with intermittent Wenckebach block 
all others remained in sinus rhythm. However, 
seven (11%) patients at follow up showed brief 
sinus pauses with atrial or junctional escape 
beats. Two others had P waves with two 

different configurations on Holter recordings. 

Isolated supraventricular extrasystoles were 
seen in 42% (26/62) of patients (rate of less than 
12 beats per peak hour) on follow up. In a 
further 5% (3/62) of patients more frequent 
supraventricular extrasystoles were noted (over 
12 beats per peak hour). There was a significant 
increase in the incidence of supraventricular 


_ extrasystoles at follow up compared with the 


preoperative sample group’* (p = 0-003). 

At follow up, isolated ventricular extra- 
systoles (Lown grade I) were seen in 37% 
(23/62) of patients. However, in all but five of 
these there were fewer than five ventricular 
extrasystoles per trace. Two patients (5%) with 
simple transposition had Lown grade II ven- 
tricular arrhythmia, while only one patient 
(2%) showed infrequent multifocal ventricular 
extrasystoles (Lown grade III) on a follow up 
Holter recording. Lown grade IV and V ven- 
tricular arrhythmias were not seen. However, 
in the immediate postoperative period, one 
patient with simple transposition developed 
asymptomatic intermittent junctional tachy- 
cardia as well as intermittent ventricular 
tachycardia. He was briefly treated with oral 
amiodarone; a subsequent Holter recording 
showed sinus rhythm. 


There was no correlation between arrhyth- ` 


mia and residual haemodynamic lesions. There 
was also no correlation with the coronary artery 


patterns. Two patients who had the infundi- 
bular branch sacrificed at surgery had normal 
Holter recordings and electrocardiograms at 
follow up, apart from a partial right bundle 
branch block. Another who required reimplan- 
tation of the right coronary artery also had a 
normal electrocardiogram and Holter record- 
ing on follow up. The second patient with right 
coronary transfer problems, however, 
developed infrequent multifocal ventricular 
extrasystoles on Holter recording, with partial 
right bundle branch block. 


Discussion _ 

A variable incidence of important cardiac ar- 
rhythmias has been reported after the Mustard 
and the Senning operations with the risk of late 
death associated with arrhythmia.* Holter 
studies on patients after such surgery suggested 
an incidence of 30-70% of important cardiac 
arrhythmias.“ Junctional rhythm was the 
commonest abnormality noted. Several 
mechanisms have been proposed to explain this 
high incidence of arrhythmia. Initial reports 
prompted the suggestion that the high 
incidence of arrhythmia was inherent in trans- 
position of the great vessels.” This assumption, 
however, has not been substantiated. 
Moreover, modifications of the Mustard and 
the Senning procedures have substantially 
reduced the incidence of arrhythmia. In addi- 
tion preoperative Holter studies on patients 
with transposition of the great vessels,'4'** 
including our sample group, have shown an 
incidence of arrhythmias similar to that seen in 
normal healthy infants and children,'*” 
though one of our patients developed 
supraventricular tachycardia soon after balloon 
atrial septostomy. 

Previous studies reporting arrhythmias after 
the arterial switch operation have included 
diverse groups of patients who had either a 
primary arterial switch or arterial switch after 
initial pulmonary artery banding. They also 
included patients who had ventriculotomies for 
closure of a ventricular septal defect at various 
ages.'*'® Nevertheless, arrhythmia was uncom- 
mon after operation and its frequency was not 
increased when surgery was carried out as a two 
stage procedure (after initial pulmonary artery 
banding) or when closure of a ventricular septal 
defect required a ventriculotomy.’® The only 
patients in whom complete heart block 
developed had had closure of a Blalock-Hanlon 
septectomy.!*'¢ 


Cardiac conduction abnormalities and rhythm changes after neonatal anatomical correction of transposition of the great arteries 


In this homogenous group of 73 neonates 
who had arterial switches we confirmed that 
postoperative conduction and rhythm distur- 
bances were not common, even after closure of 
a ventricular septal defect. Only one infant 
developed a supraventricular tachycardia, 
which was well controlled by digoxin; an 
asymptomatic complete heart block developed 
in a second patient; and an intermittent 
Wenckebach block in a third. Martin et al also 
noted an increased incidence of supra- 
ventricular extrasystoles.’° This low incidence 
of important arrhythmias may reflect the safety 
of the procedure in skilled hands and the early 
age (most by two weeks) at which the correction 
was carried out: this latter factor was also 
suggested by others. The Mustard and Sen- 
ning inflow diversions that are generally done in 
older infants and children are more likely to 
damage the sinus node or its blood supply,” to 
interrupt “specialised” atrial conduction tissue 
or the atrioventricular node, and thus to con- 
tribute to sudden death."* 

Partial and complete right bundle branch 
block have been reported after anatomical 
correction, even in patients’ with an intact 
ventricular septum.” The occurrence of com- 
plete right bundle branch block after operation 
in two (4%) of our patients with simple trans- 
position was unexplained. Both lacked 
evidence of myocardial ischaemia and had 
uncomplicated postoperative courses. None of 
our patients developed evidence of myocardial 
infarction or persistent ishaemia on the 
electrocardiogram or Holter trace at the last 
follow up (mean 27 months). There was no 
correlation between arrhythmia and residual 
haemodynamic lesions or between arrhythmia 
and coronary artery patterns. The two patients 
who had an infundibular branch sacrificed at 
surgery and a patient with right coronary artery 
transfer problems were in sinus rhythm and 
had partial right bundle branch block. Partial 
right bundle branch block is a normal finding in 
about 7% of children over the age of six 
months. A second patient with right coronary 
artery transfer problems developed infrequent 
multifocal ventricular extrasystyoles (Lown 
grade III) on follow up Holter monitoring. 

Though some dispute that the risk of death 
associated with late arrhythmia is increased 
after atrial inflow diversion procedures” the 
higher incidence of important arrhythmias 
after such surgery has been well documented. 
Our study confirms earlier reports of a low 
incidence of such arrhythmias after neonatal 
anatomical correction and the lack of persistent 
ischaemic changes in the short and medium 
term follow up. These findings indicate that 
neonatal correction has additional advantages 
over the Mustard and Senning procedures. 
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Abstract 

Objective—To determine the potential 
impact of emergency intervention 
strategies to prevent deaths from coron- 
ary heart disease outside hospital. 

Design—Analysis of routine medical 
and legal records of all persons dying of 
coronary heart disease in a defined 
population. 

Setting—Glasgow City, north of the 
river Clyde, 1984. 

Subjects—420 people under 65 years 
for whom the underlying cause of death 
on the death certifičatë -was coronary 
heart disease (ICD 410-414, 9th Re- 
vision). 

Results—Of the 296 deaths outside 
hospital, 73% occurred: at home. The 
deaths of 40% of those who died outside 
hospital were not witnessed and these 
people could not have received prompt 
cardiopulmonary resuscitation. Only 
16% of the witnesses of a death 
attempted cardiopulmonary resuscita- 
tion before the arrival of a doctor or an 
ambulance crew. Over‘half (53%) of the 
cases in which cardiopulmonary resus- 
citation could have been attempted by a 
witness, but was not attempted, death 
occurred in the presence of the spouse or 
other close relative. Death occurred in 
the presence of a duty doctor or the 
ambulance crew in a maximum of 5% of 
deaths outside hospital. Ninety one per 
cent of people were dead before a call for 
help was made. 

Concluston—Unless a greater propor- 
tion of patients receive cardiopulmonary 
resuscitation before emergency staff 
arrive at the scene the provision of 
emergency care staff with defibrillators is 
unlikely to have a significant impact on 
deaths outside hospital caused by coron- 
ary heart disease. 


Most coronary deaths occur outside hospi- 
tal.’? Strategies to reduce the number of 
deaths include the provision of ambulance 
crews with defibrillators and education of the 
public in techniques of cardiopulmonary 
resuscitation. The likely impact of these 
Strategies on coronary mortality outside 


hospital has not been assessed. In March 
1989, the House of Commons Public 
Accounts Committee reported that there were 
no reliable data on the place and timing of 
coronary deaths in the community or the 
number of deaths that occur in the presence of 
ambulance crews or shortly before their 
arrival.? This study uses data from the Glas- 
gow MONICA Project to assess the potential 
impact of these strategies to reduce coronary 
mortality outside hospital. The data are those 
for 1984, before any such developments had 
been introduced in Glasgow. 


Patients and methods 

The study was set in Glasgow, north of the 

river Clyde (table 1) in an area that is almost 

half of the city. It was based on 420 deaths in 
residents under 65 years of age occurring in 

1984 for which the underlying cause of death 

on the death certificate was coronary heart 

disease (codes 410-414, International Classi- 
fication of Diseases, 9th Revision). Data for 

1984 from 32 other centres participating in 

the World Health Organisation (WHO) 

MONICA Project showed that Glasgow 

north of the Clyde had the fourth highest 

coronary mortality for men and the highest 
rate for women.‘ 

We investigated each case in order to deter- 

mine: 

(a) The available clinical data in support of- 
the diagnosis made at death, including 
symptoms, electrocardiograph and cardiac 
enzyme results, previous medical history, 
and necropsy findings.” 

(6) The time and place of death, defined as 
the time and the place where irreversible 
cardiac arrest occurred. 

(c) Whether the death was witnessed and by 
whom. 

(d) Whether cardiopulmonary resuscitation 

was attempted and by whom. 


Table 1 Study population: Glasgow, north of the River 
Clyde, 25-64 years old (1981 Census) 


Glasgow City Glasgow, north of the Clyde 


95 600 
102 600 


198 200 


153 246 
181 437 


334 683 


Men 
Women 


Total 
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(e) The medical and legal personnel who 
were involved after death had occurred. 

(f) Whether there had been contact with a 
medical practitioner in the 28 days 
preceding death. 

There were three main sources of informa- 
tion. The records of the Glasgow Death Unit 
were reviewed for all deaths, in order to deter- 
mine which cases had been referred for 
medicolegal investigation. This unit is an 
office of the procurator fiscal, who is equivalent 
to a coroner in England and Wales. The 
‘records describe the circumstances of the 
death and the previous medical history as 
recorded by the police after interviews with 
relatives, witnesses of the death, and the gen- 
eral practitioner of the dead person. 
Interviews with witnesses of the fatal event 
are not carried out directly by Glasgow 
MONICA Project staff. High quality informa- 
tion is collected for the routine reports of the 
procurator fiscal. 

To distinguish the deaths that occurred in 
hospital from those in people who were dead 
on arrival (and who were therefore not admit- 
ted) hospital case notes and the records of 
accident and emergency departments were 
examined for all cases in which a hospital was 
recorded on the death certificate as the place of 
death. Similar enquiries were made of 
appropriate medical and legal departments if 
death occurred outside Glasgow. 

If the details of the circumstances of death 
and previous medical history could not be 
obtained from these sources, the information 
was obtained by sending a reply paid ques- 
tionnaire to the general practitioner or by 
reviewing the general practitioner’s clinical 
records after they had been returned to the 
primary care department of Greater Glasgow 
Health Board. 

The validity of death certificate diagnoses 
was assessed on the basis of WHO MONICA 
diagnostic criteria for myocardial infarction 
and coronary death. The category of 
“definite” depends on specified combinations 
of symptoms, and electrocardiographic, car- 
diac enzyme, or necropsy findings of cardiac 
infarction or coronary thrombosis. ‘‘Possible”’ 
cases are those in which the individual had 
suggestive symptoms or a previous history of 


coronary heart disease or necropsy evidence of : 


chronic heart disease and no competing path- 
ology to explain the death. Other categories 
are “insufficient data” where nothing relevant 
is known or “no myocardial infarction” when 
the symptoms and history are inappropriate or 
there is evidence of another pathology to 
explain the death. 


Results 

ASCERTAINMENT OF DATA 

Information was obtained from at least one 
source for 419 of the 420 cases. 

Fwo hundred and thirty one police reports 
were obtained for deaths that occurred outside 
hospital (including 103 cases that proceeded to 
a forensic necropsy examination). In one case, 
which the general practitioner said had been 
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reported to the procurator fiscal, the report 
could not be found. 

Completed questionnaires or records from 
general practitioners were obtained for 64 of 65 
who died outside hospital and whose cases were 
not referred to the procurator fiscal. 

Hospital case notes and electrocardiograms 
were reviewed for 16 cases: 11 of these received 
inpatient care in the 28 days before death and 
subsequently died outside hospital; one 
patient, who died before arrival at hospital, was 
admitted direct to a coronary care unit for 
cardiopulmonary resuscitation lasting two 
hours; two attended an accident and emergency 
department during the week before death; one 
attended an outpatient department 11 days 
before death, and another was visited at home 
by a hospital consultant on the day before 
death. 

The records of the accident and emergency 
department were obtained for only four of the 
10 who were dead on arrival at hospital and who 
were known (from the reports of the procurator 
fiscal) to have received cardiopulmonary resus- 
citation. 


VALIDITY OF THE DIAGNOSIS 

Three hundred and sixty three cases (86%) met 
the WHO MONICA criteria for “definite” or 
“possible” myocardial infarction or coronary 
death, a similar finding to that reported from a 
comparable study in Belfast.’ 

Seventeen cases (4%) were classified “no 
myocardial infarction” on the basis of clinical 
or pathological evidence of an alternative cause 
of death. 

Forty cases (10%) were categorised as “‘un- 
known’’, because there were insufficient data to 
ascribe a “definite” or “‘possible”’ diagnosis. In 
only four of these were relevant documents not 
obtained. For 26 the records were obtained, but 
information on symptoms before death had not 
been recorded. In 10 relevant records were 
obtained and the information recorded was 
complete, but the information did not meet the 
criteria for a “‘definite” or “possible” diagnosis. 

These findings indicate that the high coron- 
ary mortality in Glasgow is not explained by a 
high proportion of false positive cases. Because 
the purpose of the study was to assess the 
potential impact of preventive strategies on 
published coronary mortality data, all cases 
were included in subsequent analyses. 


PLACE OF DEATH 

One hundred and twenty three deaths (30%) 
occurred in hospital. One hundred and fifteen 
people died in hospital wards or departments, 
including two hospital staff at their place of 
work. Eight people died in accident and emer- 
gency departments. The main analyses are 
based on the 296 deaths (70%) that occurred 
outside hospital. They include 90 cases which 
were dead on arrival at hospital. 


OUT OF HOSPITAL DEATHS 

There were 215 (73%) deaths at home. Four- 
teen people died at another private address (for 
example, the home of a relative), 43 in a public 
place (for example, a social club), 13 died at 
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Table 2 Calls for medical help made before death for people with and without symptoms of coronary heart disease 
O A A EAO 


No symptoms (% ) Symptoms (H% ) Unknown symptoms (% } Total (%) 
Called before death 0 22 4 (10) 26 (9) 
Called-after death 52 182 36 (90 270 (91) 
Total ° 32 (18) 204 (69) 40 (13) 296 





Table 3. Arrival of general practitioners, ambulance crews, and the police before and after death occurred 








` GP Ambulance Police Hospital Other NK Total 
Attended before death 4 4 8 
Attended after death 103 103 52 3 4 15 280 
When attended unknown 8 8 
Tom ` 107 115 52 3 4 15 296 





GP, general practitioner; NK, not known. 


work, and five in an ambulance travelling to 
hospital.. Three deaths occurred during trans- 
port to hospital in a taxi, a police car, and a 
private car. For three deaths outside hospital it 
was not possible to determine the exact place of 
death. 


PREVIOUS. ILLNESS 
One hundred and twenty four people (42%) 
who died outside hospital had a previous his- 
tory of coronary heart disease—72 of them had 
a previous myocardial infarction and 52 a 
history of angina. 

Forty three (15%) had received medical care 
in the 28: days before death: 13 were hospital 
inpatients,.22 were seen by their general prac- 
titioner. or,a deputising doctor, three-attended 
an accident and: emergency department, three 
attended an outpatient department, and two 
were visited at home by a hospital consultant. 


CALL FOR MEDICAL HELP 

Only 26 people (9%) (table 2) called for help 
before they died and eight were visited by a 
medical practitioner or by :the ambulance 
service (table 3). Three of these deaths 
occurred at home with the general practitioner 
in attendance, and five occurred in’ an 
ambulance travelling to hospital. In one case 
the general practitioner was accompanying the 
patient. Ten deaths occurred before medical 
help arrived, and in the remaining eight cases it 
was fiot possible to determine when death 
occurred in relation to the arrival of medical 
help. 


SURVIVAL 

The available data do not. permit precise 
estimation of survival times, but at least 140 
people (47%) are known to have died within an 
hour of the onset of acute symptoms (table 4). 
Fifty two deaths were sudden (that is, they 


were not preceded by reported symptoms), 56 
occurred within 10 minutes and another 32 
occurred within an hour of the onset of acute 
symptoms. A further 92 (32%) people were 
known to have survived less than 24 hours and 


~ -24 (8%). survived more;than 24 hours. In the 


remaining 40 (14%) the-duration of symptoms 
before death was not-known. There was no 
difference in the pattern of survival between 
those with and without a previous medical 
history of myocardial infarction. 


ARRIVAL OF HELP 

Ambulance crews were first to arrive in 115 
cases and general practitioners were first to 
arrive in 107 cases. All but 16 deaths occurred 
before the call for help was made. Two deaths 
at work and one at a football stadium were 
attended first by a medically qualified by- 
stander. Another was first attended by a district 
nurse, and three other deaths were first con- 
firmed by a hospital casualty doctor. The police 
were first-to arrive in 52 cases. In the remaining 
15 cases it was not possible to determine who 
first attended after death. 


CARDIOPULMONARY RESUSCITATION 
One hundred and nineteen deaths (40%) were 
unwitnessed (table 5). The potential for car- 
diopulmonary resuscitation in these cases 
depended on how soon after the fatal event the 
body was discovered. Cardiopulmonary resus- 
citation was attempted in 10 cases. 

In. 38 cases (13%) it was not recorded 
whether the death had been witnessed. Of the 
remaining 139 people whose deaths were wit- 


-nessed. cardiopulmonary resuscitation had 


been attempted in 48—in 22 by the person 
witnessing the death and in 26 by someone who 
had been called to the scene. 

Ambulance crews were first to attempt car- 
diopulmonary resuscitation in 21 cases. In 20 


Table 4- Numbe? (and percentage) of deaths according.to survival times from onset of symptoms and previous medical 


aaia of myocardial infarction 





~o Omin, NK but <10min «NK but <ih 
MI 14 (23) 12 (20) 9 (15) 
no MI 38 (19 44 (23) 23 (12) 
Total  ° (52. 56 32 


NK but <24h NK but >24h Not known Total 


20 (33) 6 (10) 11 -oT 
72 (37) 18 (9) 29 224 
92 24 40 296 





MI, myocardial infarction; NK, not known precisely. 
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TableS Type of person witnessing the death and 
attempting cardiopu resuscitation 


Witness deaths attempts 
Spouse 47 4 
Other family in household 25 6 
Neighbour 15 6 
Bystander 33 17 
GP/deputy 4 1 
Ambulance crew 4 21 
Other l 3 
Person unknown 

No witness 119 

Not known whether wimessed 38 

Total 296 58 


CPR, cardiopulmonary resuscitation; GP, general practitioner. 


cases cardiopulmonary resuscitation could 
have been started earlier by the person who 
either witnessed or was first aware of the death, 
including two deaths at work. Ina further three 
cases cardiopulmonary resuscitation was 
initiated by a general practitioner, an off-duty 
hospital doctor, and a district nurse. 


Discussion 

Although coronary mortality in Glasgow is 
high in international terms, there is no evidence 
to suggest an unusual pattern of coronary 
deaths, such as a high incidence of sudden 
cardiac death. The general pattern of coronary 
deaths outside hospital is typical and has not 
changed in 15 years (table 6). 

Most coronary deaths occurred outside hos- 
pital and 85% of the victims were well in the 28 
days before death. These data indicate that the 
potential for clinical measures to prevent 
coronary deaths outside hospital lies largely in 
the circumstances of the fatal event. 


In Seattle and neighbouring King County, 


Washington, over 450000 people have 
received basic instruction in the techniques of 
cardiopulmonary resuscitation, and it has been 
reported that the application of these tech- 
niques by lay persons, before the arrival of a 
mobile coronary care team, can increase long 
term survival rates from out of hospital cardiac 
arrest by 50%.° 

In our study, 40% of the cardiac arrests 
outside hospital were unwitnessed. The earliest 
that cardiopulmonary resuscitation could have 
been attempted, therefore, was when the death 
was discovered. When the arrest was witnes- 


sed, about one quarter of individuals received _ 


cardiopulmonary resuscitation from a lay per- 


Table 6 Comparison of fatal cases in Glasgow MONICA 1984 with Tower Hamlets 


1970-3 


Glasgow MONICA Tower Hamlets (1 10 11) 
(n = 420) (%) (n = 350) (%) 
n r nvr I mv 
Place of death: : 
Work 3 7 
Home 51 47 
Hospital 29 32 
Other 17 14 
Dead on arrival at hospitel 21 34 
Witmessed deaths outside hospital: 
Yes 47 53 
No 40 43 
Not known 13 5 


en a e 


son before the arrival of medical help. To 
achieve similar results to those obtained in 
Seattle, it would be necessary to increase the 
number of people in the general public who are 
willing and able to carry out basic techniques in 
cardiopulmonary resuscitation. 

Most deaths from coronary heart disease in 
Glasgow as in a previous study in Belfast’ 
occurred at home. In deaths that were witnes- 
sed by the spouse or another member of the 
immediate family, cardiopulmonary resuscita- 
tion was attempted in only 14% of cases. Few 
people died at work, and six out of 13 by- 
standers in these cases attempted cardiopul- 
monary resuscitation. Bystanders also initiated 
cardiopulmonary resuscitation in about a half 
of witnessed deaths (nine out of 20) that 
occurred in a public place. 

Most (57%) of the 87 cases where cardiopul- 
monary resuscitation could have been 
attempted, but was not attempted by the per- 
son witnessing or discovering the death 
occurred at home or at another private address 
in the presence of the spouse or other close 
relative. Campaigns to educate lay people in the 
techniques of cardiopulmonary resuscitation, 
whatever their impact on people in workplace 
settings or public places, will be of benefit in few 
cases, unless they lead to resuscitation being 
attempted by spouses and close relatives at 
private addresses. 

A more selective approach would be to 
provide instruction in cardiopulmonary resus- 
citation for the relatives of patients who have 
survived a myocardial infarction. However, 
only 15 of the 72 people in the present study 
with a previous history of myocardial infarction 
died in the presence of their spouse or another 
member of the family household. Three of 
them received cardiopulmonary resuscitation 
before the arrival of medical help. The maxi- 
mum impact of a family-based strategy would 
have been to provide cardiopulmonary resus- 
citation in 12 cases (4% of all deaths occurring 
outside hospital). 

Because very few deaths (a maximum of 16 
but probably nearer eight) occurred in the 
presence of ambulance crews or general prac- 
titioners, the potential benefit that might have 
been gained just by equipping emergency 
ambulances and general practitioners with 
defibrillators would be small in relation to the 
total number of deaths, however cost-effective 
these resuscitations may be in themselves. 

The data not only show that medical help 
arrived almost always too late to have any 
prospect of reversing cardiac arrest, but also 
that measures to improve response times of 
general practitioners and ambulance crews are 
unlikely by themselves to improve the prog- 
nosis of people who have an out of hospital 
cardiac arrest. In 91% of the cases in this study 
the fatal collapse had occurred before the call 
for medical help was made. 

For professional interventions to have more 
chance of success, it would be necessary either 
for cardiopulmonary resuscitation techniques 
to be underway when medical help arrives, or 
for the call for medical help to be made before 
the fatal collapse occurs. 


It is not possible to tell from these data to 
what extent the fatal collapse was preceded by a 
prodromal period during which it may have 
been possible to make an earlier call for help. 
However, previous studies in which witnesses 
of sudden deaths were interviewed found that 
prodromal symptoms seldom bring patients 
under medical care more quickly.°" A 
previous study of survivors of myocardial 
infarction in Glasgow showed a median delay 
of 4:1 hours in calling for help after the onset of 
symptoms.’? This may not be typical of fatal 
cases. 

We have considered the possibility that these, 
data, which are based on registered deaths, do 
not take sufficient account of people who 
survived a cardiac arrest outside hospital, per- 
haps by provision of cardiopulmonary resus- 
citation or by prompt defibrillation, and who 
were then admitted to hospital. Such cases have 
been registered by the MONICA Project in 
subsequent years. Six people survived out of 
hospital cardiac arrest in 1985, and two in 1986 
(Morrison C, personal communication). In 
four cases, cardiac output was reported as 
having been restored by bystanders, applying 
cardiopulmonary resuscitation before an 
ambulance or other medical help arrived. 
These findings suggest that successful car- 
diopulmonary resuscitation after a cardiac 
arrest outside hospital in Glasgow was a rare 
event in 1984. 

There are of course other components of 
acute medical care for the cardiac arrest such as 
the relief of pain, treatment of ventricular 
failure, administration of thrombolytic 
therapy, and prompt delivery to a coronary care 
unit. However, the main contribution of these 
measures to reducing mortality from coronary 
heart disease is likely to be an improvement in 
the prognosis of patients who survive to receive 
medical attention, most of whom already 
survive to reach hospital. About one third of all 
deaths from coronary heart disease belong in 
this category. 

The data are based on events in 1984 when 
the ambulance service in Glasgow was not 
equipped to provide resuscitation for cases of 
cardiac arrest and only responded to direct calls 
from the general public when somebody had 
collapsed. They provide a baseline, therefore, 
against which the effect of developments in care 
can be assessed. Subsequently, ambulances 
have been equipped with defibrillators and 
crews have received training in their use and in 
cardiopulmonary resuscitation. After reorgan- 
isation of the Glasgow ambulance service in 
1986, response times to emergency calls have 
been substantially improved, with 36% of cases 
being attended within seven minutes and 92% 
witin 14 minutes (Scottish Ambulance Service 
Statistics, ORCON Standard Times October/ 
December, 1989). After a report from the 
National Audit Office in June 1991, the Scottish 
Office has indicated that additional funding 
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may be made available to the Scottish 
Ambulance Service to further improve~the 
response time to emergencies in the Glasgow 
area. We intend to repeat this study to assess 
the impact of these changes on the outcome of 
sudden deaths from coronary heart disease in 
Glasgow. 

We are not aware of a previous analysis 
which assesses the potential impact of com- 
munity. coronary care schemes on the total 
number of deaths from coronary heart disease 
outside hospital. In Glasgow in 1984, there 
were few cases in which the provision of a 
defibrillator and extended training of 
ambulance crews could have made a difference 
to the fatal outcome. The greatest potential for 
saving lives seems to lie with the relatives of 
people in middle age in dealing promptly.with 
acute coronary symptoms, calling for help 
early, and initiating cardiopulmonary resus- 
citation, so that these techniques are underway 
when professional help arrives. Should it prove 
possible to change behaviour in this area, then 
the provision of ambulances with defibrillators 
would have a much greater impact. Without it 
the number of successes may appear important 
when summated across the country, or com- 
pared with other life-saving services, but they 
are smail both in relation to the total numbers 
of out of hospital deaths, and the expectations 
of many.who are involved. 


We thank the staff of the Glasgow and Dundee MONICA project 
centres for their help. Scottish MONICA is supported by the 
Chief Scientist Office, Scottish Home and Health Department. 
The discussion and conclusions of the paper are the respon- 
sibility of the authors and donot necessarily reflect the views of 
the Scottish Home and Health Department. 
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. Abstract 


Objective—A register of patients with 
heart attacks in the Nottingham Health 
District has been maintained since 1973. 
Data from 1982 to 1984 inclusive, a 
period before trials of thrombolytic 
therapy started in Nottingham, were 
analysed to provide background infor- 
mation for the introduction of a policy of 
routine thrombolysis for appropriate 
patients. 

Design—Data were collected prospec- 
tively on.all patients.transported to hos- 
pital in the Nottingham Health District 
with suspected myocardial infarction in 
the years 1982-84 and on patients treated 
at home during that time. 

Setting—Two district general hos- 
pitals responsible for all emergency 
admissions in the health district. 

Patients—6712 patients admitted to 
hospital with suspected myocardial 
infarction and 1887 patients found dead 
on arrival at hospital. Approximately 
1500 patients in whom a myocardial 
infarction was suspected were treated at 
home, but only 125 were identified who 
had a definite or probable infarction. 

Results—Among the patients admitted 
within 24 hours of the onset of symp- 
toms, the median delay from onset to 
hospital admission was 174 minutes; 25% 
of patients were admitted within 91 min- 
utes. The only factor that seemed to affect 
the time taken was the patient’s decision 
to call a general practitioner or an emer- 


gency ambulance. If a general prac- . 


titioner referred the patient to hospital 
the median delay was 247 minutes, com- 
pared with 100 minutes when the patient 
summoned an ambulance. Ninety three 


per cent of all patients were transported 


by ambulance. The median time from 
the call for the ambulance to hospital 
arrival was 29 minutes. Once a patient 


was admitted to hospital, the time to- 


admission and general practitioner 
involvement seemed relatively unimpor- 
tant.as predictors of outcome. Patients 
admitted“ more than nine hours -after 
onset of symptoms with a diagnosis of 
definite or probable infarction had a 


poorer outcome than those admitted 
earlier (in-hospital mortality 22°4% v 
13°1%). The fatality rates of those admit- 
ted to a coronary care unit or to an 
ordinary medical ward are similar. 

Concluston—Although the introduc- 
tion of thrombolytic therapy has 
brought with it an increased awareness 
of the need to minimise any delay in 
time to admission, it seems that in a 
predominantly urban area like Not- 
tingham, patients with a suspected heart 
attack will continue to be admitted to 
hospital most quickly if an ambulance 
crew rather than a general practitioner 
is called. Because the ambulance crew 
was in contact with such patients for 
only a short time it seems unlikely that 
administration of a thrombolytic drug in 
the ambulance would be helpful. 


Disease registers have many functions. They 
can be used simply to describe disease preva- 
lence and natural history, though clearly they 
can only record patients who die or who present 
to one of the medical services. They can be used 
to record patients with conditions such as 
diabetes or thyroid disease and timely medical 
assessment can prevent complications. Regis- 
ters can also be particularly valuable for moni- 
toring trends in the behaviour of patients with 
the disease and in providing the background 
information necessary for the rational 
introduction of new forms of treatment. 

The early registers of patients with ischaemic 
heart disease’ * established the pattern of early 
death after the-onset of symptoms in patients 
with heart attacks, and these observations 
paved the way for special ambulance facilities. 
The international registers supported by the 
World Health Organisation,’ aimed mainly to 
give descriptive information to help plan pro- 
vision of services for what was then seen as an 
“epidemic” of ischaemic heart disease. The 
Nottingham Heart Attack Register was set up 
in a simple form in 1973 and in a more definitive 
way in 1982 to monitor the introduction of new 
forms of ambulance service for patients with 
heart attacks, and at the same time to provide 
longitudinal information that might help to 
explain the changes in national mortality 
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from ischaemic heart disease that were then 
expected. 

The acceptance of the value of thrombolysis 
in patients with myocardial infarction,** and 
the recommendation that therapy is started as 
soon as possible after onset of symptoms has led 
to a need for a detailed description of the events 
that determine the way such patients are man- 
aged. The Nottingham register includes details 
of patient actions after the onset of symptoms 
and records the response of the medical 
services to requests for assistance. These data 
Suggest guidelines for patient management 
which should enable appropriate patients to be 
given thrombolytic treatment as quickly as 
possible. We describe here an analysis of data 
collected during 1982-84 inclusive, when the 
value of defibrillation in cardiac arrest was 
established but that of thrombolysis was not. 


Methods m 
Throughout 1982-84 the register was main- 
tained by a non-medical graduate (Higher 
Clerical Officer Grade) supported by two 
clerical officers. Patient case records were re~ 
viewed by a physician (JMR) for diagnostic 
coding. Data were stored and analysed initially 
on the Nottingham University main computer. 
Subsequent analysis was carried out by the 
British Heart Foundation Cardiovascular 
Statistics Group. 


EVENTS 

The register documents events suggestive of 
myocardial infarction which occur in or near 
the Nottingham Health District (population 
approximately 600 000). Events are identified 
in several ways. 


(i) Hospital admissions 

Nottingham is served by two hospitals, 
University Hospital and City Hospital, but 
only University Hospital has an accident and 
emergency department. All patients transpor- 
ted by ambulance as a result of a patient- 
initiated emergency (999) call are taken there. 
Patients sent in as a result of general prac- 
titioner calls may be admitted to either hos- 
pital, depending on the emergency take-in rota. 
Those patients with an illness that might 
possibly have been a myocardial infarction are 
identified in the records of both the accident and 
emergency department at University Hospital 
and from the admissions records of the medical 
wards at both hospitals. In addition, the 
records of the Nottingham Ambulance Service, 
which has a single control centre, are inspected 
daily. This source is valuable in identifying 
appropriate cases for the register. All patients 
with a convincing clinical history are followed 
until death or hospital discharge. 


(11) Coroner’s records 
Coroner’s records are reviewed for all patients 
found dead on arrival at hospital. 


(iti) Patients treated at home 
Between 1982 and 1984 a special district nurse 
service was offered to all general practitioners in 
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the Nottingham Health District. Any general 
practitioner who wished to treat a patient with a 
suspected myocardial infarction at home was 
invited to request three visits on successive 
days from a district nurse who would record an 
electrocardiogram and take blood for the 
estimation of cardiac enzymes. The electro- 
cardiograms were taken to University Hospital 
and reported immediately (JMR). 

To obtain information on patients kept at 
home, but for whom the district nurse service 
was not used, the records of the biochemistry 
laboratories of the two Nottingham hospitals 
were monitored’ for general practitioner 
requests for the estimation of cardiac enzymes. 
In addition, domiciliary visit claim forms sub- 
mitted by consultants who had been asked to 
record an electrocardiogram in a patient’s 
home were collected for the single year 1984. 


SCOPE OF ANALYSIS 

Much of the data which define the time 
sequence of events from onset of symptoms to 
hospital admission—time of onset of symp- 
toms, to whom first call for help was made, time 
to arrival of general practitioner, etc—was 
obtained via a patient inverview conducted 
shortly after admission. Most patients were 
interviewed, but administrative constraints or 
the patient’s condition sometimes made an 
interview impossible. Those patients who were 
interviewed were effectively selected at random, 
with the obvious exception that patients who 
died soon after admission were more likely to 
be missed. 

Timing data were much less complete for 
those cases who were certified dead on arrival or 
who died in the accident and emergency depar- 
tment. Here the most comprehensive data were 
obtained when the event involved a sudden 
collapse that was witnessed and provoked an 
immediate request for the emergency services. 
Such patients reach hospital soon after the 
onset of symptoms. However, they are not 
currently candidates for thrombolysis and their 
inclusion in an analysis of times to admission 
would lead to an inappropriate bias towards 
shorter time intervals. Our analysis, therefore, 
is restricted to those patients who were alive on 
arrival at hospital and who were admitted to a 
ward or coronary care unit. 

Approximately 20% of all admissions in the 
register arrived at hospital more than 24 hours 
after onset of symptoms with many of these 
patients reporting an interval of three days or 
more. Most of these admissions were the result 
of complications evolving after the initial 
symptoms. Most of these patients contacted 
their general practitioner at some point before 
admission.. However, the time at which the 
general practitioner became involved is more 
often given as a date, and precise times in this 
group are rare. These cases are included in the 
overall analysis which investigates patient 
decision-making and hospital outcome, but 
they are not included in the analysis of response 
times. 

Although the 24 hour cut off is somewhat 
arbitrary, it is argued that we obtain a fairer 
picture of the relative contributions of patient 
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Figure 1 Distribution of 
time between the onset of 
symptoms and hospital 
admission in the patients 
admitted within 24 hours. 


picture of the relative contributions of patient 
action, general practitioner involvement, and 
the ambulance service to the overall time to 
admission in that group of patients who are 
believed to have the greatest potential to benefit 
from thrombolysis. 


DEFINITIONS 
Patients were assigned to diagnostic categories 
as follows: 

“Definite” infarction—A convincing clinical 
history plus changes in the electrocardiogram 
diagnostic of recent infarction and raised con- 
centrations of serum aspartate aminotrans- 
ferase and serum hydroxybutyrate dehydro- 
genase to more than twice the upper limit of 
normal. 

“Probable” tnfarction—A convincing clinical 
history plus either changes in the electrocar- 
diogram suggestive of recent infarction or 
changes in the electrocardiogram not typical of 
recent infarction but associated with enzyme 
concentrations raised to more than twice the 
upper limit of normal. 

“Possible” infarction—A convincing history 
plus either abnormalities in the electrocar- 
diogram not typical of recent infarction or 
enzyme concentrations above the upper limit of 
normal. 

Ischaemic heart disease—A convincing his- 


. tory plus electrocardiographic evidence of old 


infarction only. 

The term “suspected infarction, not proven” 
-was used to describe patients who were admit- 
ted because a myocardial infarction was susp- 
ected but examination showed a normal elec- 
trocardiogram and normal enzyme concentra- 


` tions. 


STATISTICAL ANALYSIS 

Times between Key events, onset of symptoms, 
call for general practitioner etc, were recorded 
in the-database in two ways. Where possible, 
precise time intervals were calculated, but 
often the information was volunteered in the 
form of an estimate, for example, “a delay of 
between two..and four hours’’. Medians and 
other quantiles were therefore calculated by 
linear interpolation on grouped data, 
Armitrage-and Berry. Because samples were 
large, there was very little loss of precision with 
this approach. All statistical tests. comparing 
time distributions were carried out on similarly 
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grouped data, using “location shift? models 
within the class of generalised logistic regres- 
sion models described by McCullagh.’ 


Results 

PATIENTS ADMITTED TO HOSPITAL 

The register documents 8599 events during the 
1982-84 period where a suspected myocardial 
infarction led to a request for hospital services. 
In 1887 cases, the patients were either certified 
dead on arrival or died in the accident and 
emergency department. Of these, 1497 
(79-3%) were certified as having died of coro- 
nary heart disease. The other 6712 events 
resulted in admission to a ward or coronary care 
unit. Five thousand, eight hundred and seventy 
four (87-5%) of these events affected patients 
who lived within the district health authority 
boundary. Most of the remainder represented 
cross boundary flow from adjacent authorities. 


TIME BETWEEN ONSET OF SYMPTOMS AND 
HOSPITAL ADMISSION 

The time of both onset of symptoms and arrival 
in hospital is known for 4526 (67-4%) of the 
6712 patients who survived to admission. In a 
further 1814 (27%), the interval between onset 
of symptoms and hospital arrival was given as a 
range—eg, 6-12 hours. Times to admission 
ranged from a few minutes to several days. 
Some 1350 patients were admitted more than 
24 hours after onset of symptoms, this includes 
903 admitted after an interval of more than 72 
hours. 

For those who were admitted within 24 
hours the median time from the onset of 
symptoms to arrival in hospital was 174 min- 
utes. Twenty five per cent arrived within 91 
minutes and 75% by 353 minutes with 90% of 
these admissions presenting within 11-7 hours 
(fig 1). Time to admission was shorter for men 
than women (medians 167 and 202 minutes, 
p < 0-00001), but was longer for patients 
eventually shown to have a definite or probable 
infarction compared with other diagnostic 
categories (medians 179 and 172 minutes, p < 
0-05). Patients aged 65 or less were admitted a 
little quicker than those aged over 65 years 
(medians 169 and 183 minutes, p < 0:05). The 
differences between median times are small 
compared with the spread of values in each 


group. 


GENERAL PRACITIONER INVOLVEMENT 

The most striking finding from the analysis of 
admission times was a considerable difference in 
time to admission between the group who 
called a general practitioner or deputising 
service and who were subsequently referred to 
hospital by this means (group A); and the group 
who did not call a general practitioner and 
whose admission was arranged by some other 
person (self, relative, work-mate, etc), usually 
by dialling 999 for an emergency ambulance 
(group B). In 5945 cases it was known whether 
an attempt had been made to contact a general 
practitioner. Four thousand and eighty four 
patients were known to have made some 
attempt and in 3841 of these cases the general 
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8599 


Disposition of Events 


Events where a suspected myocardial infarction led to a request for 


hospital services 


1887 Cases dead on arrival or died in accident and 
emergency department 


6712 


Admissions to ward or coronary care unit 


767 Patient interview incomplete or not done 


5945 


Cases where patient decision whether or not to contact 


a GP is recorded 





3841 

GP contacted, who 
then arranged 
admission 

(Group A) 


2695. 
admissions < 24h 


1840 
No attempt to contact GP Others, 


and GP not involved in 


264 


(eg patients failed to make 


admission contact or GP involved as 
(Group B) bystander) 
1597 


admissions = 24h 


Figure 2. Data available for analysis of patients’ decision whether or not to contact a 


general practitioner. 


Figure 3 Classification of 
isstons by age and 
involvement of a general 
practitioner, the doctors’ 
deputising service, or other 
means of hospital 
admission (usually by 
direct call for an 
emergency ambulance). 


practitioner then arranged the admission 
(group A). The difference represents patients 
who either failed to make contact or who then 
arranged their own admission. It is known that 
in 1861 events the patients did not attempt to 
contact a general practitioner and that 1840 of 
these were admitted to hospital without any 
subsequent general practitioner involvement 
(group B), the difference is due to those events 
where a general practitioner was involved as a 
bystander (fig 2). 

Two thousand, six hundred and ninety five 
(70%) of all group A admissions occurred 
within 24 hours compared with 1597 (87%) of 
the group B admissions. For those admitted 
within 24 hours, the median delay was 247 
minutes in group A, but only 100 minutes in 
group B (p < 0-0001). The decision by the 
patient, his relatives, or bystanders to call a 
general practitioner or an emergency 
ambulance greatly influenced the delay before 
hospital admission. 
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Figure 3 shows admissions by age decades 
and route of referral. A general practitioner was 
more likely to be involved if the patient was in 
the 55-75 year age range. However, it is not 
possible to determine directly whether this is 
because older patients were more likely to calla 
general practitioner or because general prac- 
titioners are effective in identifying patients in 
the younger age range who do not require 
hospital admission. 

Among patients admitted within 24 hours, 
the delay in hospital admission associated with 
the involvement of the general practitioner 
seems to be due, in part, to the patient’s action. 
Direct calls for an ambulance by a patient were 
made sooner after the onset of symptoms than 
calls for help to a general practitioner. The 
median interval from onset of symptoms to a 
call for an ambulance was estimated to be 74 
minutes for those patients in group B admitted 
within 24 hours. The corresponding estimate 
calculated from group A patients admitted 
within 24 hours for the interval from onset of 
symptoms to calling a general practitioner is 
106 minutes. However, for these same patients 
the estimated median interval from the onset of 
symptoms to the eventual call for an ambulance 
was 206 minutes, the difference reflecting the 
time taken for the general practitioner to visit 
the patient and decide on a course of action. 


ROLE OF THE AMBULANCE SERVICE 

The mode of transport to hospital was recorded 
in 6056 (90%) of the 6712 admissions. Most of 
these (5586 (92%)) patients were carried by 
ambulance. Similar proportions of patients 
eventually shown to have had a-definite or 
probable infarction or other diagnoses were 
carried by ambulance (93% and 92% respec- 
tively). Transport other than by ambulance 
was more likely to be used when symptoms 
began away from home: 17% of such patients 
did not call for an ambulance, but when the 
symptoms began at home only 6% of patients 
used other transport. 

Details of the times taken for the ambulance 
to reach patients and transport them to hospital 
were known in 4988 patients (89% of those 
carried by ambulance). The.median time taken 
by the ambulance to reach the patient after 
receipt of the call was seven minutes. The 
interquartile range for these data was 5-11 
minutes—ie, 50% of all times lay within this 
interval. The median time to arrival was essen- 
tially the same for men and women, for those 
aged 65 or less and those aged over 65, and for 
those eventually found to have had a definite or 
probable myocardial infarction and those in 
other diagnostic categories. It is not possible to 
determine the effect of the general practitioner 
on the time to arrival of an ambulance because 
general practitioners can summon an ambu- 
lance either by using a 999 call or by placing a 
routine request, but timing data are not 
complete in many of the cases of a routine 
request. 

The median interval from the call for an 
ambulance to the arrival of the patient in 
hospital was 29 minutes (interquartile range 
23—39 minutes). Therefore, the ambulance 
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Figure 4 Median delays 
attributable to pa 
general practitioner, and 
ambulance. 
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_crew was actually in contact with the patient for 
about 22 minutes. Part of that time was taken 
loading the patient into the ambulance and part 
by the journey to hospital. 

The median times from the call for the 
ambulance to arrival of the patient in hospital 
were within one minute for’ men and women, 
for those aged 65 or less or 65 and over, and for 
those eventually shown to have had a definite or 
probable infarction and those in other diagnos- 
tic categories. There was, however, a significant 
difference between the groups of patients who 
did or did not involve a general practitioner. 
The median interval from the call to the 
ambulance to hospital admission was 32 min- 
utes (interquartile range 25-43 minutes) when 
the patient called a general practitioner and 26 
minutes (interquartile range 21-31 minutes) 
when he did not (p < 0-0001). Figure 4 
summarises the various components of the 
overall delay between onset of symptoms and 
hospital admission and émphasises the 
additional delay that results from general 
practitioner involvement. 


FACTORS AFFECTING THE PATIENT’S DECISION TO 
INVOLVE A GENERAL PRACTITIONER 

(a) Place where symptoms began 

As might be expected, the place where the 
patient was taken ill played a major role in his or 
her decision to call a general practitioner. The 
place where symptoms began is known for 6338 
(94%) of all admissions. For these patients, 
80% were at home when symptoms started, 5% 
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started, 5% were at work, and 15% were at 
other places away from home. 74:8% of those at 
home, 38:2% of those at work, and 40:4% of 
those at other places called their general prac- 
titioner. 

If the symptoms began at home the call for 
help was made from home in 95% of cases. In 
the remainder, patients seem to have continued 
with their planned activities and then sub- 
sequently called from work, relatives, etc. 


(b) Time of onset of symptoms 
Among patients who could give a reasonably 
precise time of onset of symptoms the distribu- 
tion of hour of onset showed a peak between 8 
and 10 am. The data were not consistent with 
the hypothesis that major symptoms are 
equally likely to develop at any time of day (p < 
0-01). A similar pattern was observed both for 
all patients with suspected myocardial infarc- 
tion and for those eventually shown to have a 
definite or probable infarction (fig 5) but there 
was also evidence that these patterns were not 
identical. The second peak seen in the evening 
was not found in the group with a definite 
infarct. Symptoms that develop in the mid- 
evening were less likely to be associated with a 
diagnosis of definite or probable infarction. 
The decision to call a general practitioner 
was not directly associated with time of day, 
but because more people were away from home 
during the day the percentage calling a general 
practitioner varied from 57% when symptoms 
started in the early afternoon to 74% during the 
early hours of the morning. The time from 
onset of symptoms to admission was also 
associated with time of onset. A two-way 
analysis of variance applied to the log times 
suggests that the mean time to admission 
tended to be a little longer when symptoms 
started during the early hours of the morning 
but was relatively constant over the rest of the 
day. The effect of contacting a general prac- 
titioner increased the mean time to admission 
by a factor between 2:5 and 3, but this multi- 
plier was constant over the day. 


~ 


DIAGNOSIS AND OUTCOME 

Diagnosis and involvement of general practitioner 
Table 1 shows the confirmed in-hospital diag- 
nosis for those patients whose admission was 
arranged by a general practitioner and con- 
trasts this with all other admissions. Overall 
there was a slight but significantly greater 
percentage of admissions with a definite or 
probable myocardial infarction in the patients 
referred by a general practitioner (35-:1% v 
30-4%, p < 0-0001). However, as table 2 
indicates, the accuracy of the general prac- 
titioner in identifying patients with myocardial 
infarction exceeds self selection only in the over 
65 age group. The accuracy of general prac- 
titioners in the initial diagnosis may be due in 
part to the nature of the illness in the patients 
who choose to contact them. It was noted above 
that such patients are known to wait longer 
before calling for help than those who are 
admitted without contacting a general prac- 
titioner, suggesting differences in symptom pat- 
tern or severity between the two groups. 


Table 1 Admission route and confirmed diagnosis (% } 








Admission arranged 

by general 

practitioner or Other 

i ising servi admissions 

Diagnosis (n= 3929) (nm 2390) 
Definite MI 17-4 18-9 
Probable MI 17-7 11-5 
Possible MI 43-1 44-4 
IHD 3-7 48 
SINP 141 16-8 
Other diagnosis 39 36 


MI, myocardial infarction; IHD, ischaemic heart disease; 
SINP, suspected infarct not proven. 


Table 2 Percentage of patients with definite or probable 
myocardial infarction by route of referral and age 





General practitioner or 
Age ulising service S 
<45 21:5 22-8 
45-54 31-6 ; 33-4 
55-64 37°5 36:6 
65—74 39-4 30-8 
>74 33-1 213 


ADMISSION TO CORONARY CARE UNIT OR MEDICAL 
WARD ` 

Although there were 13 coronary care unit beds 
available at the two hospitals, only 64-5% of all 
admissions were admitted direct to the coron- 
ary care units. Thirty eight percent of all 
patients admitted to a coronary care.unit were 
eventually diagnosed as having a definite or 
probable myocardial infarction. Table 3 shows 
the proportion of patients admitted_to a coro- 
nary care unit by age, sex, and eventual diag- 
nosis. It shows that older patients were less 
likely to be admitted to a coronary care unit. 
Among the elderly, men were more likely to be 
admitted to the coronary care unit than women. 
This difference is apparent both in the group of 
patients who have a definite or probable 
myocardial infarction and in the group who go 
on to have other confirmed diagnoses. 


Outcome 

The case fatality rate in hospital for.all admis- 
sions with suspected myocardial infarction was 
931 of 6712 (13:°9%). For patients with a 
diagnosis of definite or probable myocardial 
infarction the rate was 17%, compared with 
12:3% for other diagnoses. Mortality in the 
possible myocardial infarction group was 
14:2% and in the group in whom a suspected 
infarct was not confirmed it was 8:5%. Such 
rates were not unexpected, given the definitions 
for each diagnostic class.. Most deaths in the 
groups with possible myocardial infarction and 
suspected infarct not proven were attributed to 


Rowley, Mounser, Harrison, Skene, Hampton 


cardiac causes. However, electrocardiographic 
or enzyme evidence confirming infarction had 
not been obtained before death. 

Information about survival, age, and referral 
to hospital was known for 6267 patients. As 
would be expected, fatality rates increased 
considerably with increasing age. There is no 
evidence, however, that route to hospital had 
an effect on case fatality for any age group. 

The fatality rate for patients admitted to a 
coronary care unit was lower than for those 
admitted to a ward (11:0% compared with 
18-7%) but the difference is mainly due to the 
different age structure of these groups. Table 4 . 
shows mortality by age decades and coronary 
care unit/ward admission. Ward and coronary 
care unit fatality rates were almost identical 
through most of the age range but there was an 
increased mortality in the coronary care unit 
for patients over 75 years of age. 


Effect of delay in hospital admission on outcome 
It was difficult to assess the effect of time from 
onset of symptoms to hospital arrival on the 
eventual fatality rate in hospital as times were 
not available for many of the patients who died 
soon after admission. Hospital outcome could 
be related to the duration of symptoms before 
admission in 6318 patients, among whom the 
fatality rate in hospital was 12-7%. In contrast, 
the hospital fatality rate was 33:5% in the 
group of 379 patients for whom insufficient 
information was available. 

Table 5 gives in-hospital mortality by time to 
admission for those patients who were able to 
provide the timing data. Delay in admission 
had very little effect except that there was a 
higher fatality raté among patients with a 
definite or probable infarct who were admitted 
late. For those with a pre-hospital illness 
lasting nine hours or less, the fatality rate in 
hospital was 13-1%, while for those with symp- 
toms for more than nine hours it was 22:4%. 


PATIENTS TREATED AT HOME 

‘The domiciliary diagnostic service was offered 
to all 315 general practitioners in the Notting- 
ham District Health Authority. In the three 
years 1982-84 inclusive, 97 general prac- 
titioners used it: 60 used it for five patients or 
fewer, seven for between six and 10 patients, 
and 30 for more than 10 patients. 

The district nurses visited 381 patients to 
record an electrocardiogram and take blood 
samples for the estimation of cardiac enzymes. 
Definite or probable infarction was diagnosed 
in 62 patients (16-3%). Possible infarction was 
diagnosed in 179 (47:0%), ischaemic heart 
disease in 10 (2-6%), and suspected infarct not 
proven in 130 G4-1%). 

In addition to these patients,.a search of the 
records of the biochemistry departments 


Table 3 Percentage of patients admitted to coronary care unit by sex, age, and 
diagnosis showed that during these three years, blood 
samples from 968 patients had been sent by 


Defies tel probable myocardial niece stalled general practitioners for the estimation of car- 
Age Male Female Male Female diac enzymes. Although the age and sex were 
<55 93-6 85-2 82-8 77-5 not always known, these patients were 
55-64 89-0 89-2 77-9 72-9 apparently somewhat younger than those seen 
65-74 71:3 50:3 56-2 39-9 opri , 
S74 28.6 18.3 A. HE by the district nurses. In 63 patients one or 


more enzymes were increased to twice the 


Table 4 Percentage in-hospital fatality in each age 
group of patients admitted to coronary care unit or 
medical ward 





Patents admitted to: 
Age Coronary care unit Ward 
<55 3-9 38 
55—64 9-4 9-3 
65-74 19-1 19-2 
> 74 32:9 26°4 


upper limit of normal, suggesting a diagnosis of 
probable infarction. In 342 patients, one or 
more enzymes were increased but to less than 
twice normal, making a diagnosis of possible 
infarction, and in 563 the cardiac enzymes were 
within the normal range. i 

During the single year 1984, 57 general 
practitioners in the Nottingham District 
Health Authority requested a domiciliary visit 
by a consultant physician to a patient suspected 
of having had a heart attack. No diagnostic 
information was available in these patients, but 
cardiac enzymes were not identified as having 
been requested in any of them. Eleven were 
admitted to hospital as an emergency as a result 
of the visit. 

It is thus estimated that about 1500 patients 
with suspected myocardial infarction were 
treated at home by general practitioners during 
the three year period. Only 125 of these were 
known to have had a definite or probable 
infarction, however. 


Discussion 

The value of early specialised care for patients 
with heart attacks has been apparent since the 
development of the defibrillator. The demon- 
stration that thrombolytic therapy is most 
beneficial when given soon after the onset of 
symptoms has provided another reason for 
rapid management decisions. The traditional 
role of the general practitioner as the patient’s 
immediate source of help has to be recon- 
sidered. 

Our survey of patients with suspected 
myocardial infarction who were treated at 
home shows that this is a relatively uncommon 
practice even in our area, where the possibility 
of home care has been quite extensively inves- 
tigated and discussed.* Our general prac- 
titioners made relatively little use of the diag- 
nostic service provided by district nurses, and 
this was stopped at the end of 1984. Diversion 


Table 5 Percentage in-hospital fatality by time to 
admission 


Definite] probable 
Time All admissions myocardial infarction 
0-30 min 15-1 24:2 
31—60 min 8-6 12-5 
1-2 bh 11-1 12-4 
2-3 h 10-7 11-5 
36h 13-0 15-6 
6-9 h 11-5 9-7 
9-12 h 159 27-7 
12-18 h 112 20 0 
18-24 h 20 5 28-9 
>24h 15-7 20-6 
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of all the patients with definite or probable 
myocardial infarction from home to hospital 
care would have relatively little impact on the 
demand for hospital services, and from the end 
of 1984 we decided that there was little point in 
continuing to monitor patients treated at home. 
Clearly the main debate concerns the best way 
of arranging hospital admission. 

We have shown that the median delay from 
onset of symptoms to hospital admission in the 
years 1982-84 was nearly three hours, and that 
there was little difference between subgroups of 
patients in terms of age, sex, or eventual 
diagnosis. The only fact that materially seemed 
to affect delay in admission was the patient’s 
initial decision to call for an emergency 
ambulance direct or to seek help in the first 
instance from his general practitioner. 

Given the size of the additional delay 
attributed to general practitioner involvement, 
the question arises whether this is biased in any 
way by the manner in which the data has been 
collected. It is accepted that most of the 
intervals were obtained via patient interviews 
and that such interviews miss patients who die 
in the first few days after admission. Table 5 
shows that in-hospital fatality rates are effec- 
tively unrelated to time to admission although 
the observed rates are higher among patients 
admitted within 30 minutes. This finding, 
though not statistically significant, is consistent 
with an observation derived from the ASSET 
study’ database that patients admitted within 
one hour have an increased risk of dying within 
one day, compared with patients admitted from 
two to five hours after onset of symptoms. 
Timing data is therefore more likely to be 
missing for very rapid admissions and this bias 
will increase the measurement of the times to 
admission, the effect being more marked in the 
self admission group. Our estimate of the 
additional delay attributed to general prac- 
titioner involvement is probably conservative. 

We showed that patients who call for an 
emergency ambulance do so more quickly than 
those who call a general practitioner but our 
data do not point to any reason for this dif- 
ference. It is possible that more severe symp- 
toms tend to make patients summon an ambu- 
lance, but the proportion of patients eventually 
found to have a definite or probable infarction 
was essentially the same whatever the route of 
the call. General practitioners only seemed to 
admit to hospital a higher proportion of 
patients with definite or probable infarction 
than did 999 calls in elderly patients: this may 
indicate a reluctance to risk making an in- 
accurate diagnosis in the young. Our data 
suggest that the involvement of the general 
practitioner has little effect on outcome, though 
we have not been able to assess the value of pain 
relieving drugs given by general practitioners 
nor do we have data on patients seen by general 
practitioners because of chest pain but in whom 
myocardial infarction was not suspected. 

Some of these data were used by the British 
Heart Foundation Working Party,’ which con- 
cluded that there is little point—at least in an 
urban area—for thrombolytic therapy to be 
given either by general practitioners or by 
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ambulance crews. The median delay between 
the call for an ambulance and its arrival is only 
seven minutes, and the patient is in hospital 22 


minutes later, so there is little to be gained from- 


beginning treatment out of hospital. Throm- 
bolytic agents can cause bradycardia and 
hypotension, and the danger of giving treat- 
ment immediately before an “ambulance 


journey, coupled with the extra delays that 


such treatment involves, might well outweigh 
any benefit gained from earlier treatment. We 
accept, however; that the situation may be 
different in rural areas. 

It is difficult to compare the different time 
intervals that contribute to the total period 
from onset of symptoms to hospital admission 
in our study with those of previous reports, 
because the data were collected in different 
ways, and in most studies there was no distinc- 
tion -made between calls made to a general 
practitioner or an emergency ambulance. 
However, a study of patients in Tower Hamlets 
found that 31% of patients had contacted their 
general practitioner within one hour of the 
onset of symptoms, and 46% by two hours; 
45% of patients were in hospital within four 
hours.'° In Teeside, the median interval be- 
tween onset of symptoms and the call for a 
general practitioner was 71 minutes and a 
median of 74 further minutes elapsed before an 
ambulance was called.’! In Doncaster, the 
median delay before the call for help was 110 
minutes.” In Edinburgh, a median delay from 
onset of symptoms to hospital admission was 5 
hours 23 minutes if a general practitioner was 
involved, but 2 hours 21 minutes for a group of 
60 patients who called an emergency 
ambulance.’ Though our register data suggest a 
long delay is associated with general prac- 
titioner calls, this is evidently not inevitable 
as it has been found that a rapid response 
is possible with careful organisation: in 
Grampian, 67% of 511 patients were reached 
by general practitioners within two hours of the 
onset of symptoms.” 

Once the patient has arrived in hospital it is 
clearly immaterial whether he was admitted by 
a general practitioner or whether he summoned 


an-emergency ambulance directly. Delay in 


hospital admission had no clear effect on in- 
hospital fatality, except that there was a higher 
fatality rate among patients whose admission 


was arranged after a very prolonged period and’ | 


in whom complications had presumably al- 
ready developed. It is, however, difficult to be 
certain about the effect of delay in calling for 
help; ‘because when patients died soon after 
admission, data tended to be incomplete. 
Despite the presence of seven and six coro- 
nary care unit beds respectively in the two 
hospitals, approximately one third of patients 
were admitted in the first instance to a medical 
ward. The similarity in fatality rates between 
groups of patients admitted to wards or coro- 
nary care units has been described previously,'* 
but since we do not know how or why patients 
were selected for either form of management it 
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would not be reasonable to infer that coronary 
care units provide little or no benefit. ` 
Though it seems desirable to educate 
patients to call for help quickly andto call for an 
ambulance rather than a general practitioner, 
attempts to do so have had little success." The 
greatest potential for reducing the delay in 


hospital admission lies in the 100 minutes that 


elapse between the call for a general prac- 
titioner and the call for the ambulance. General 
pracititioners should be prepared to make a 
diagnosis on the-basis of information given to 
them by the patient on the telephone and unless 
they can reach the patient within 10 or 
15 minutes they should send an ambulance. 
General practitioners, and the receiving staff in 
accident and emergency departments, will have 
to accept that the diagnosis will on occasion be 
wrong, and patients will have to accept that 
when a myocardial infarction is possible a visit 
by their general practitioner may not be 
appropriate. 


The maintenance of a register of patients with suspected 
myocardial infarction has only been possible because of the 
enthusiastic co-operation of consultant and general practitioner 
colleagues, of district nurses and nurses in the coronary care 
pone medical wards, and of the staff in the accident and 

cy department at University Hospital; we gratefully 
ataol their help. The research aspects of this study were 
supported by a grant the Department of Health and Social 
Securi 
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The Inoue balloon for dilatation of the tricuspid 
valve: a modified over-the-wire approach 


T R D Shaw 


Abstract 

The Inoue balloon was used for dilatation 
of tricuspid stenosis in a 74 year old 
woman. The valve was reached by an 
over-the-wire approach with a 0025 
exchange length guide wire. The Inoue 
stylet would not reach the tricuspid 
orifice because the right atrium was so 
large. The Inoue balloon’s special dilata- 
tion characteristics allowed good 
vositioning at the tricuspid orifice. After 
dilatation to 27:5 mm, the pressure drop 
across the valve was reduced from 12 to 
S mm Hg. Further dilatation at 30 mm, 
however, created moderately severe 
tricuspid reflux without a further reduc- 
tion of gradient. 

The Inoue balloon is suitable for dilata- 
tion of tricuspid stenosis but small 
increments in dilatation size may be 
required for optimal reduction in 
gradient without creating significant 
reflux. 


There is still only limited experience of balloon 
dilatation for tricuspid stenosis but there have 
been reports of successful relief of tricuspid 
stenosis, rheumatic’* and congenital’? and of 
combined dilatation of the tricuspid and mitral 
valves®’ and even triple ‘valve dilatation of 
tricuspid, mitral, and aortic stenosis.® Tricus- 
pid bioprosthetic valves have also been 
improved by balloon dilatation.’ In these 
cases, standard tubular polyethylene or 
polyvinyl balloons have been used, being pas- 
sed to the tricuspid valve orifice over a guide 
wire advanced to the pulmonary artery or right 
ventricular cavity. In the patient reported here, 
it was decided to use the Inoue balloon, though 
it was designed for the mitral valve, because the 
patient had a giant right atrium and a very small 
right ventricle—features which would have 
made placement of a tubular balloon at the 
orifice much more difficult. The design of the 
Inoue balloon is unique. Its walls contain a 
network of synthetic nylon fibres which give 
different compliance characteristics to its dis- 
tal, proximal, and middle segments, so that at 
inflation the distal portion of the balloon enlar- 
ges first, allowing this portion to be drawn back 
against the stenosed orifice. On further infla- 
tion, the proximal segment enlarges, holding 
the balloon at the vale orifice which is then 
dilated-as the middle segment expands at full 


inflation. The short length of the Inoue balloon 
and its blunt distal point reduce the risk of 
perforating the myocardial wall. The deflated 
Inoue balloon does not have a low profile, and 
to allow passage through the skin (and though 
the atrial septum for dilatation of the mitral. 
valve) a metal stretching tube is included in the 
balloon equipment set. This is inserted into the 
balloon catheter lumen and causes the deflated 
balloon to be stretched into a lower, more rigid 
shape. The Inoue balloon catheter has no 
intrinsic curve and when it 1s used to dilate the 
mitral valve a curved stylet wire is inserted to 
arc the balloon towards the mitral valve. When 
the Inoue balloon was used to dilate the tricus- 
pid valve in this case, it was found possible to 
use it in a modified over-the-wire approach. 


Case report 

The patient was a 74 year old women who had 
no history of rheumatic fever. However, mitral 
valve disease had been noted during her first 
pregnancy at age 22. When aged 61, she had a 
pacemaker implanted because of lightheaded- 
ness caused by episodes of sinus arrest. The 
surgeon was unable to pass the pacing electrode 
across the tricuspid valve and an epicardial 
pacing system was implanted. A diagnosis of 
mild mitral stenosis, mild mitral reflux, and 
moderate tricuspid stenosis was made at this 
time. When she was 67 the pacemaker ceased 
functioning but she was then in atrial fibrilla- 
tion without excessively long RR intervals and 
the pacemaker was not renewed. Marked 
ascites was noted at age 70; this responded to 
diuretic treatment. By the age of 74 she had 
breathlessness at rest and was restricted to 
walking 50 yards. She now had chronic ascites 
despite taking frusemide 160mg per day. 
Echocardiography showed she still had mild 
mitral stenosis (pressure half time 125 ms), 
mild mitral reflux, and severe tricuspid stenosis 
(pressure half time 300 ms: estimated valve 
area 0:7 cm’). She had chronic anaemia due to 
diverticulitis and telangiectasia of the stomach. 
She had had a previous nephrectomy and had 
moderate renal impairment. She was referred 
to the Western General Hospital for balloon 
dilatation of the tricuspid valve. 

On examination, she was a thin, frail woman 
(45 kg, height159 cm) in atrial fibrillation with 
a controlled ventricular rate. The jugular ven- 
ous pressure was raised to beyond the ears and 
the liver was four finger breadths enlarged and 
slightly pulsatile. She had moderate ascites 





Figure 1 


FROZEN 


Apical four chamber views to show right heart (A) and left heart ( B). 


with slight sacral and ankle oedema. On auscul- 
tation a 3/6 tricuspid diastolic murmur and 1/6 
mitral diastolic murmur were audible. 

At echocardiography (fig 1) the mitral valve 
was only mildly stenosed with slight cusp 
thickening. Left ventricular function was nor- 
mal. The right atrium was huge (9:7 x 10:8 cm 
in the apical view) and the atrial septum bulged 
into the left atrial cavity. The tricuspid valve 
cusps were thin but showed minimal opening. 

At right heart catheterisation, the 3 cm curve 
Brockenbrough catheter and 0:035 exchange 
guide wire were negotiated with difficulty 
through the tricuspid valve. Right atrial pres- 
sure was 33/22 (mean 26) mm Hg and right 
ventricular pressure was 47/5—16 mm Hg. Car- 
diac output was 3-7 l/min and diastolic filling 
time 37 s/min with a mean tricuspid transvalvar 
gradient of 12 mm Hg, giving a valve area, 





B pE an Y | 
Figure 2 Inoue balloon dilatation at the tricuspid valve. 
(A) The distal portion of the balloon has been dilated. 


(B) The balloon catheter has been pulled back to engage 
the distal portion of the orifice and the balloon has been 


fully dilated. A 0-035 inch guide wire also lies across the 


tricuspid valve, An epicardial pacemaker system is in situ 
and an F6 pigtail catheter lies in the descending aorta to 
monitor systemic pressure. 
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calculated from the_Gorlin formula (3700 
443 x 37 x ,/12) of 0:65 cm’. A right 
ventricular injection of contrast confirmed the 
absence of tricuspid reflux. 

The 0-035 inch exchange guide wire 
remained in the right ventricle, the Brocken- 
brough catheter was removed, and a Block 
double lumen catheter (USCI) was passed over 
the wire to the right ventricle. An exchange 
length 0-025 inch wire was then passed via the 
Block second lumen to lie alongside the 0-035 
inch wire and the Block catheter was with- 
drawn. The Inoue balloon, with stretching 
metal tube inserted, was then passed percutan- 
eously over the 0:025 inch wire to the right 
atrial cavity and the metal tube withdrawn. The 
0-035 inch wire was retained within the right 
ventricle to maintain access across the tricuspid 
valve. The Inoue balloon was advanced over 
the 0:025 inch wire which took up a position 
around the superior border of the right atrium 
before descending to cross the tricupsid valve. 
The Inoue balloon followed over the wire and 
across the tricuspid orifice. The distal portion 
of the balloon was inflated and the Inoue 
catheter shaft was drawn back until the distal 
portion of the balloon was held against the 
tricuspid orifice. The balloon was then inflated 
to 27-5 mm (fig 2). On deflation, the Inoue 
balloon and 0-025 inch guide wire were ejected 
back into the right atrium. The Block double 
lumen catheter was re-advanced over the 0-035 
inch wire to the right ventricle and its second 
lumen was used for pressure measurement 
simultaneously with right atrial pressure 
measurement via the Inoue balloon lumen. The 
tricuspid valve gradient had been reduced to 
5 mm Hg with no increase in valve reflux. It 
was decided to attempt a greater reduction of 
gradient. With its stylet inserted, the Inoue 
balloon pointed towards the tricuspid valve but 
would not reach to the orifice. The 0-025 inch 
guide wire was therefore replaced into the right 
ventricle through the double lumen catheter 
and the Inoue balloon again followed over the 
wire to the tricuspid orifice. 

The valve was dilated to 30 mm. A right 
ventricle angiogram now showed moderately 
severe tricuspid reflux: the valve gradient had 
incresed to 7 mm Hg, with right atrial pressure 
32/18 mm Hg and right ventricular pressure 
39/5-18 mm Hg. Cardiac output had risen 
slightly to 3-9 l/min: assuming tricuspid reflux 
at 33% of stroke volume, valve area increased 
to 1-56 cm’. 

The patient tolerated the procedure well and 
the next day she returned to the referring 
hospital and was discharged home a few days 
later. One month after the procedure her 
daughter reported that her breathlessness was 
much better and that the patient’s general 
appearance and oedema were improved, with 
slight increase in exercise capacity. Doppler 
assessment showed that the tricuspid valve area 
had increased to 1-9 cm’. At seven months and 
one year after valve dilatation, there continued 
to be evidence of moderately severe tricuspid 
reflux and mild stenosis. The patient’s condi- 
tion then gradually declined and she died in 
heart failure 13 months after the procedure. 


The Inoue balloon for dilatation of the tricuspid valve 


Discussion 
The Inoue balloon was used to dilate the 
tricuspid valve in this patient because of the 
considerable discrepancy between the atrial 
and ventricular sizes which would have made it 
difficult to obtain a stable orifice position with 
polyethylene balloons. Chen etal had 
previously used the Inoue balioon for com- 
bined dilatation of the tricuspid and pulmonary 
valves. The Inoue balloon, with its metal 
stretching tube inserted could be advanced 
over a 0:025 inch guide wire: the stretching 
tube was essential for passing the balloon 
percutaneously to reach the right atrial cavity. 
Once the stretching tube was removed the 
Inoue balloon followed by an over-the-wire 
approach to the tricuspid orifice. The Inoue 
stylet was unable to direct the balloon to the 
orifice with such a giant right atrium. This 
over-the-wire approach might also be applic- 
' able in occasional cases of mitral stenosis where 
there is difficulty in crossing the mitral orifice. 
Considerable reductions in valve gradient 
and an increase in valve area have been reported 
for rheumatic tricuspid stenosis'*** usually 
without development of tricuspid reflux. In the 
case report here, the final area was comparable 
to that obtained with double balloon dilatation 
but it was associated with the onset of sig- 
nificant tricuspid reflux. Bourdillon et al also 
found that reduction of stenosis was accompan- 
ied by the development of tricuspid incom- 
petence: at subsequent tricuspid valve 
replacement, two of the three tricuspid com- 
missures had been opened but no leaflet tear 
was found.” To avoid tricuspid reflux, small 
progressive increases in dilatation diameter, as 
is possible with the Inoue balloon, may be an 
advantage in obtaining the optimal balance 
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between gradient reduction and development 
of valve incompetence. In this patient we 
expected that it might be difficult to position 
the balloon and only two dilatation diameters 
were used: in retrospect, small increases might 
have given a better haemodynamic result, al- 
though in this valve dilatation could be carried 
out only at a very advanced stage of valve 
disease. 
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incessant atrial tachycardia during the 
course of a twin pregnancy. Medical 
treatment slowed the ventricular res- 
ponse without restoring sinus rhythm. 
During labour the tachycardia spontan- 
eously reverted to sinus rhythm. Sub- 
sequently the same arrhythmia was 
documented with a slower ventricular 
response than during pregnancy. 


Case report i i 

At 2] weeks’ gestation of a twin pregnancy a 24 
year old patient was transferred for man- 
agement of incessant supraventricular 
tachycardia because of concerns about the 
effect on placental function. There was a three 
month history of palpitation and chest discom- 


fort, dizziness, and exertional dyspnoea that. 


had begun eight weeks into the pregnancy. 
There was no history of viral illness and she had 
been otherwise healthy with no previous his- 
tory of palpitation. At admission the heart rate 
was 200 beats/min and systolic blood pressure 


was 90 mm Hg. Her electrocardiogram showed - 


a narrow QRS complex tachycardia with 
upright P waves in the inferior limb leads and 
V1, with a frontal P wave axis of + 90° (fig 1A). 
The PR interval was 140 ms. Occasionally non- 
conducted P waves of identical configuration 
and timing were seen during the tachycardia 
(fig 1B). The rate of the arrhythmia showed 
considerable diurnal variability ranging from 


135 to 210 beats/min. Isolated ventricular. 


extrasystoles did not reset the. tachycardia. 
There was QRS alternans at- ventricular rates 
faster than 190 beats/min. Haematological 
studies, urea and electrolytes, and liver func- 
tion tests were normal. A free thyroxine plasma 
concentration of 164 nmol/l (normal range 
60-140) and thyroid stimulating hormone con- 
centration of 1-4 IU/l (normal range 0-15-3-2) 
were consistent with pregnancy. Transthoracic 
echocardiography and chest x ray were normal. 
Fetal echocardiography showed normal hearts 
and rates. 

The arrhythmia did not respond to carotid 
sinus massage, Valsalva manoeuvres or 
intravenous verapamil. Digoxin was used with- 
out benefit and cardioversion did not restore 


sinus rhythm or affect the ventricular response 
rate. Metoprolol and digoxin in combination 
slowed the ventricular rate to 185 beats/min 
but the diurnal fluctuation in PP and RR 
intervals continued. Flecainide was therefore 
introduced in place of metoprolol and digoxin. 
This slowed the atrial rate to 115 beats/min and 
allowed transient episodes of sinus rhythm at 
75 beats/min to appear with a frontal P wave 
axis of + 10°. The PR interval was 200 ms with 
no evidence of pre-excitation (fig 2). This was 
considered a satisfactory interim result and the 
patient was discharged on oral flecainide 
100 mg three times daily. During the next 
month the QRS duration increased from 80 ms 
to 100 ms and the heart rate was never consis- 
tently below 130 beats/min on Holter monitor- 
ing. Because of this inadequate rate control, 
flecainide was stopped and amiodarone was 


‘introduced at a dose of 800 mg a day for one 


week and maintained at 400 mg daily. This 
slowed the heart rate to 110 beats/min. On this 
treatment, she felt better, but was considerably 
restricted in her exercise capacity by palpita- 
tion, fatigue, and dyspnoea. There was no 
clinical evidence of heart failure or com- 
promised fetal development. 

At 31 weeks’ gestation two healthy infants 
were delivered vaginally by forceps. Sinus 
rhythm returned spontaneously and- the moth- 
er’s heart rate fell below 100 beats/min during 
the first stage of labour. After delivery she 
reported that palpitation had ceased and she 
remained in sinus rhythm when seen in out- 
patients two weeks after hospital -discharge. 
Amiodarone was stopped at this time and her 
electrocardiogram was similar to that in fig 2. 
The diagnosis was therefore assumed to be 
pregnancy related atrial tachycardia and this 
was supported by the prominent left atrial 
component to the P wave in sinus rhythm. She 
was re-referred, however, six months after 
delivery with non-cardiac symptoms at which 
time an electrocardiogram showed return of 
atrial tachycardia with a ventricular rate of 115 
beats/min. She was on no antiarrhythmic treat- 
ment. 


Discussion 
Pregnancy is frequently associated with sinus 
tachycardia and increased ectopic activity has 
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occurs in childhood’*" or complicating heart 
disease’? or metabolic upset including digitalis 
toxicity." In this case, recurrence of the same 
tachycardia some months later suggests that 
the patient had a potential for atrial tachycardia 
unrelated to pregnancy, but which first presen- 
ted at an accelerated rate during pregnancy. 
The mechanism of the tachycardia in this 
patient was probably enhanced sympathetic 
reactivity of an ectopic atrial focus. This 
accords with the increased plasma cate- 
cholamine concentrations and the increased 
_ adrenergic receptor sensitivity during preg- 
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Thyrotoxicosis could also facilitate atrial 
arrhythmias; but there was no clinical or 
biochemical evidence of thyroid overactivity. 
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Figure 1 (A) Electrocardiogram showing narrow QRS tachycardia, (B) Rhythm management of such arrhythmias in pregnancy 
strip showing non-conducted P waves of identical configuration and timing during is difficult. Verapamil, digoxin, or cardio- 
tachycardia. selective 8 blockade are appropriate and 


usually well tolerated.” *' Flecainide seems to 


been noted both in the atrium and the ventricle be safe and cardioversion is not contrain- 
throughout pregnancy.!? Paroxysmal dicated.“ Amiodarone is regarded as an agent 
supraventricular tachycardia has been seen! *4 of last resort because of concerns about neon- 
and usually occurs in a patient with a history of 2ta] goitre and its presence in breast milk. = 
supraventricular arrhythmias before preg- An alternative treatment is to insert a tem- 
nancy or in a patient with pre-existing POrary pacing electrode to terminate the arr- 
rheumatic heart disease. Such arrhythmias hythmia or convert it to atrial fibrillation. 
usually occur in the third trimester® but the Though appropriate radiation protection could 


true incidence is unknown.’ Persistent atrial PE used, pacing was not thought likely to be 
successful in our patient and we thought that 


atrial fibrillation might further compromise 
itta placental function. 
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Severe rheumatic mitral stenosis with pericardial 
effusion causing left ventricular tamponade 


S W Davies, A Youhana, M Copp 


Abstract 

A woman of 38 was admitted for urgent 
surgery of severe mitral stenosis causing 
pulmonary oedema. Echocardiography 
showed a pericardial effusion with 
apparent distortion and collapse of the 
left ventricle. Urgent drainage of the 
effusion before mitral valve surgery led 
to an improvement in cardiac output 
with no detectable change in right heart 
pressures. 


Cardiac tamponade caused by pericardial 
effusion predominantly affects the right side of 
the heart, resulting in venous paradox (Kuss- 
maul’s sign) and visible compression and dis- 
tortion of the right ventricle on cross sectional 
echocardiography.’ However, in severe pul- 
monary hypertension tamponade may lead to 
preferential compression and distortion of the 
left heart.” This effect is attributed to the high 
right heart pressures or hypertrophy, or both. 
We report a patient with severe mitral stenosis 
in whom a moderately sized pericardial 
effusion led to collapse of the left ventricle, 
which was visualised by echocardiography, and 
in whom drainage of the effusion led to an 
improvement in haemodynamic function. 


Case report 

A 38 year old woman from Bangladesh was 
admitted with sudden onset of severe dyspnoea 
and in a state of collapse. She was unable to give 
a history but later it became known that she had 
been breathless on exertion for the previous 
three years. On examination she had cold and 
sweaty hands and feet with a blood pressure of 
70/40 mmHg, an irregular pulse rate (150 beats 
per minute), and a respiratory rate of 32 per 
minute. The chest x ray showed pulmonary 
oedema and an enlarged cardiac silhouette with 
a configuration that suggested left atrial 
enlargement. She was urgently intubated and 
ventilated with intermittent positive pressure 
ventilation. 

The  electrocardiogram showed atrial 
fibrillation with a ventricular rate of approx- 
imately 160 beats per minute. Further clinical 
examination showed a left parasternal heave, 
very loud first heart sound, accentuated pul- 
monary second sound, and an early but quiet 
opening snap with a long and loud diastolic 
murmur at the apex. M mode and cross sec- 
tional echocardiography confirmed the 


appearance of severe mitral stenosis with an 
enlarged left atrium and right heart. The 
patient remained hypotensive with cold 
extremities and a low urine output of 5 to 
10 mJ/hour. Swan-Ganz  catheterisation 
showed a mean right atrial pressure of 
28 mmHg and a mean pulmonary artery pres- 
sure of 78 mmHg; a satisfactory pulmonary 
wedge pressure tracing could not be obtained. 

‘The cross sectional echocardiogram also 
showed a moderately sized pericardial effusion 
with apparent distortion and collapse of the left 
ventricle iù some but not all cardiac cycles. 
While arrangements were made for urgent 
mitral valve replacement it was decided to 
drain the pericardial fiuid in an attempt to 
improve the cardiac output. After 600 ml of ° 
serous fluid was removed by subxiphoid 
pericardiotomy’ the systemic blood pressure 
rose to 80/50 mmHg, heart rate fell from 135 to 
110 beats per minute in atrial fibrillation, 
cardiac output determined by thermodilution 
(Swan-Ganz catheter) improved from 1-8 to 
2:6 l/min, and right heart pressures were 
unchanged. 

One hour later mitral valve replacement was 
performed via a median sternotomy. The 
native mitral valve was very thickened with 
rolled edges and fibrotic contraction of the 
papillary muscles and chordae tendineae: the 
valve orifice area was approximately 0-5 cm’. 
The mitral valve was replaced with a number 
27 Bjork-Shiley prosthetic valve. At the end of 
cardiopulmonary bypass the pulmonary artery 
systolic pressure was 120 mmHg and the sys- 
temic arterial systolic pressure 100 mmHg. 
The patient required inotropic support and 
ventilation for 48 hours but she subsequently 
made an uncomplicated recovery. 


Discussion 

The haemodynamic features of cardiac tam- 
ponade are complex and may differ between 
patients.‘ Animal experiments suggest that 
right sided cardiac compression contributes 
more to the haemodynamic derangement than 
does left heart compression.”* Echocardiogra-~ 
phic studies in patients consistently show right 
atrial diastolic collapse whereas left atrial and 
right ventricular diastolic collapse are variable 
findings.*’ 

Several reports suggest that the clinical and 
echocardiographic signs of cardiac tamponade 
may be atypical in patients with pulmonary 
hypertension and right ventricular hypertro- 


270 


phy. Arterial pulsus paradoxus may be absent, 
and this has been attributed to increased 
impedance to the normal inspiratory increase 
in right ventricular filling.’ Echocardio- 
graphic studies show that right ventricular 
collapse may be absent if right ventricular 
hypertrophy is severe.?'°"’ Preferential left 
atrial compression has been described in such a 
patient. Preferential compression of the left 
heart may also occur with loculated pericardial 
effusions or haematomas.”” 

We are not aware of any previous reports of 
compression of the left ventricle caused by a 
generalised pericardial effusion without com- 
pression of the other cardiac chambers. The 
improvement in cardiac output after drainage 
of the effusion showed the haemodynamic 
importance of the effusion in this patient. The 
haemodynamic effects of tamponade with 
mitral stenosis may differ from those in patients 
with tamponade and pulmonary hypertension 
owing to other causes, in whom left atrial 
diastolic collapse may be important—such 
collapse was not seen in our case, presumably 
because left atrial pressure was high. 


We are grateful to Dr R Balcon and Mr P Magee for permission 
to report a patient under their care. 
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Rupture of a ventricular abscess after mitral valve 


replacement 


A E Weale, J Hutter, C M P Collins 


Abstract 
A 65 year old man presented with bac- 
terial endocarditis of the mitral valve. 
Immediately after mitral valve re- 
placement a valve ring abscess ruptured. 
Early surgery should be performed 
when an intramyocardial abscess -is sus- 
pected. 


There are 1500 cases of infective endocarditis 
in the United Kingdom each year with an 
overall mortality of 34%.! Despite the greater 
awareness of bacterial endocarditis and 
emphasis placed on prophylaxis and early 
treatment over the past 25 years, surgical 
treatment is occasionally required. The aortic 
valve is affected in 42% and the mitral valve in 
48% of cases. Bacterial endocarditis of the 
tricuspid valve is associated with drug addic- 
tion. We describe a very rare complication of 
the disease and discuss the management of 
myocardial abscess. . 


Case report 

A 65 year old: man was admitted acutely 
confused with a two month history of general 
debility and weight loss. He was pale, 
dehydrated, and feverish. A single subungual 
splinter haemorrhage was seen. The spleen 
was palpable. A pansystolic murmur consis- 
tent with mitral regurgitation was heard. 

Initial laboratory results were haemaglobin 
7-1 g/dl, total white blood cell count 4-1 x 10/1, 
blood urea 25:1 mmol/l, and serum creatinine 
402 molji. The electrocardiogram showed 
left bundle branch block. The chest 
radiograph showed moderate cardiac en- 
largement and blunting of the costophrenic 
angle. Ultrasound examination of his 
abdomen showed normal kidneys and a 
grossly enlarged spleen. Echocardiography 
showed severe mitral regurgitation and a 
vegetation on the anterior mitral leaflet. There 
was no evidence of abscess formation. Blood 
cultures grew Streptococcus mutans sensitive to 
benzylpenicillin and netilmicin. 

The patient was treated with intravenous 
netilmicin, benzylpenicillin, diuretics, and a 
bléod transfusion. There was initial clinical 
improvement with resolution of both fever 
and confusion. Subsequently renal function 
deteriorated, confusion recurred, and conges- 
tive cardiac failure refractory to medical treat- 
ment developed. Coronary angiography 
showed a 70% diameter stenosis of the left 
anterior descending artery. 


Urgent mitral valve replacement was per- 
formed eight weeks after admission. At opera- 
tion the heart was moderately enlarged, with 
pulmonary hypertension and a large pulsating 
left atrium. Cardiopulmonary bypass was in- 
stituted and myocardial protection achieved 
with ‘cold crystalloid cardioplegia and 
moderate hypothermia (28°C). The anterior 
cusp of the mitral valve was totally flailed 
because its chordae tendineae were ruptured. 
Several chordae of the posterior cusp were 
also ruptured. There were multiple vegeta- 
tions on the valve. There was an abscess 
cavity in the posterior part of the annulus 
extending into the ventricular myocardium. 
The valve was excised and a 29 mm Carbo- 
Medic bileaflet prosthetic valve was inserted 
with 2/0 Ethibond sutures buttressed on 
Tefion felt pledgets. Posteriorly the sutures 
were placed to close the mouth of the abscess 
cavity. In this region, however, the tissues 
were very thin and friable. The patient was 
weaned from bypass satisfactorily and 
required minimal inotropic support (3 ug/ke/ 
min dopamine). Haemostasis was satisfactory 
and the operation was completed. 

Reoperation was required urgently two 
hours postoperatively because off sudden 
excessive blood loss. We found that the abs- 
cess cavity in the posterior atrioventricular 
groove had ruptured. Cardiopulmonary 
bypass was reinstated but attempts to control 
the haemorrhage failed. 

At necropsy the prosthetic mitral valve was 
found to be well seated and its suture line 
secure. The left ventricle showed considerable 
hypertrophy without dilatation. In the pos- 
tero-lateral wall, lying just below the mitral 
valve ring, an endocardial performation 
0-8cm in diameter communicated with an 
epicardial haemorrhage (figure). The 
intramyocardial defect had the appearance of 
an abscess cavity. Externally there was an 
epicardial performation 1-0 cm in diameter. 

Histological examination showed that the 
wall of the intramyocardial cavity was com- 
posed of a layer of necrotic myocardial tissue 
covered by thrombus. 


Discussion 

Left ventricular rupture as a-complication’ of 
mitral valve replacement was first reported by 
Roberts and Morrow.’ In a published series it 
reported in between 0:5% and 2% of all 
mitral valve replacements and was fatal in 
75% of these cases. A survery of reports in 
English found 125 cases.’ Only one of these 
showed rupture through the base of a myocar- 
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Oblique cut through the 
lateral part of the mitral 
valve ring showtng the 
endocardial perforation 
{arrow ) extensive 
epicardial haemorrhage. 


‘eet ie 
Ww d 
> * 


At n 
ett E ew 


A 
j 


Nate eh whe 





dial abscess caused by infective endocarditis. 
Left ventricular rupture is usually attributed 
to technical steps in the operation or to stretch 


injury produced by untethering of the left 


ventricle through removal of the mural leaflet 
of the mitral valve. ‘Those patients most at risk 
are generally frail elderly women’ who have a 
small ventricular cavity and thin myocardium 
associated with long-standing mitral stenosis. 
There is only one other report of rupture 
through a ventricular myocardial abscess after 
mitral valve replacement.? Necropsy studies 
show that valve ring abscesses are a more 
frequent complication of infective endocar- 
ditis affecting the aortic valve.* In these cases 
the myocardial abscess is often associated with 
infection by Staphylococcus aureus, pericar- 
ditis, various degrees of atrioventricular 
block, short duration of symptoms, or new 
onset of aortic insufficiency. Non-paroxysmal 
junctional tachycardia and Wenckebach- or 
complete heart block with a QRS of normal 
width are all consistent with inflammation 
adjacent to the mitral valve.’ Abscesses 
associated with both aortic and mitral valves 
occur more frequently when the infecting 
organism is a highly virulent one, such ‘as a 


5 Hosea SW. Virulent 


Weale, Hutter, Collins 


pneumococcus’ or staphylococcus, and 
occasionally an « streptococci. 

Preoperative diagnosis can be difficult. 
Methods that have been used to detect 
myocardial abscess formation include 
echocardiography, computed tomography of 
the chest, gallium scanning, and '’In platelet 
scintigraphy. The sensitivity of echocar- 
diography and computed tomography is low. 
Gallium imaging for endocarditis or abscess 
formation is not widely used, and scintigraphy 
with ''In labelled leucocytes has not yet been 
fully evaluated. 

Studies attest to the poor prognosis of 
patients with myocardial abscess.4’ The 
development of a valve ring abscess is always 
an indication for prompt surgical intervention 
with excision of infected material and valve 
replacement. Without this, and despite 
appropriate antibiotic therapy, mortality 
remains high. Annular inflammation and the 
friability of tissues creates difficulty in seating 
the prosthetic valve. There is a risk of post- 
operative valve insufficiency.: Early diagnosis 
of the developing abscess offers the only hope 
for achieving surgical success. 

_ This case illustrates a rare complication of 
mitral valve replacement in a patient with 
infective endocarditis. The grave prognosis of 
myocardial abscess justifies surgical interven- 
tion. 


We thank Mr G Keen for permission to publish this report. 
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Richard Underwood, Chris Gibson, Ann Tweddel, Jane Flint 
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Abstract 

There is little information on the prac- 
tice of nuclear cardiology in Great 
Britain. On behalf of the British Nuclear 
Cardiology Group in October 1988 we 
sent a postal questionnaire to 143 hos- 
pitals with nuclear medicine facilities (at 
least 70% of such hospitals). Sixty nine 
replies were received (48%), of which 23 
(33%) were from teaching hospitals and 
46 (39%) non-teaching. In these hospitals 
147 904 isotope investigations were per- 
formed annually (mean 2311 per centre) 
of which 17 298 (12%) (mean 254 per cen- 
tre) were cardiac studies. Of these, 59% 
were equilibrium radionuclide ventri- 
culograms, 14% first pass ventri- 
culograms, and 27% thallium-201 scans. 


- Rest'studies were performed more com- 


monly by radiographers or technicians 
(63%) than by doctors (20%), but doctors 
were more commonly involved in stress 
studies (48%). Radiologists reported the 
studies more often (28%) than they per- 
formed them (6%). Methods of acquisi- 
tion and analysis were varied and, for 
instance, the lower limit of normal left 
ventricular ejection fraction ranged 
from 35% to 75% (mean 49%). For 
thallium imaging 42% of centres used 
dipyridamole in some patients and 24% 
used tomography. 

These data show that nuclear 
cardiology techniques are used much 
less frequently in Great Britain than in 
countries such as the United States and 
Germany, that the ratio of blood pool to 
myocardial perfusion imaging is much 
higher than elsewhere, and that methods 
are poorly standardised. They may 
provide the impetus to improve the 
service and serve as a baseline for future 
surveys. 


The role of nuclear: medicine in patient 
management is increasing because of the 
importance of the functional information that 
it provides.’ The number of nuclear medicine 
publications listed in Index Medicus has 
increased rapidly since 1977. At the most 
recent meetings of the American Heart 
Association and the European Congress of 
Cardiology just under 10% of the abstracts 


reported work with isotope techniques. Thus 
in both North America and Europe nuclear 
cardiology is an important area of research 
and by implication also of clinical practice. 

Great Britain seems to lag behind other 
countries in the adoption of nuclear car- 
diology, but little objective information is 
available. In 1983 a postal survey of consul- 
tant physicians in Scotland highlighted the 
poor availability of nuclear cardiology tech- 
niques.” Since this time, the position in other 
countries has altered considerably. To obtain 
information on current practice, we have 
analysed the results of a postal questionnaire 
sent on behalf of the British Nuclear Car- 
diology Group to departments of nuclear 
medicine and cardiology throughout Great 
Britain. 


Methods 

A questionnaire was sent to 143 hospitals 
known to perform nuclear medicine and the 
requested completion date was October 1988. 
The centres were identified from the member- 
ship lists of the British Nuclear Cardiology 
Group, the British Nuclear Medicine Society, 
the British Cardiac Society, and the Hospital 
Physicists Association, with cross referencing 
from the service lists of the major manufac- 
turers of gamma cameras and nuclear medicine 
computers supplying the British market. While 
this is a small fraction of the hospitals in the 
country (total approximately 3000), it included 
all regional cardiac centres and most district 
hospitals providing a nuclear medicine service. 
Not every question was answered and the 
results are expressed as a percentage of the 
number of replies received. 


Results 

GENERAL RESPONSE AND STUDY NUMBERS 

Sixty nine replies (48%) were received. Of 
these, 23 (33%) were teaching hospitals with a 
similar percentage of teaching hospitals in the 
non-responders (29 of 74 (39%)). The propor- 
tion of teaching and district hospitals was 
therefore representative of the survey group as 
awhole (7? = 0-31,p = NS). The figure shows 
the geographical distribution of the respon- 
dents and non-respondents. 

The respondents’ definition of their depart- 
ments was used. The largest proportion of 
replies was from departments of nuclear 
medicine (40%), followed by medical physics 
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Map indicating the site of 
all centres that were 
circulated and whether a 
response was received to 
the questionnaire. 


@ Respondents 


O Nonrespondents 


(26%), radiology (20%), and cardiology 
(11%). Departments of cardiology were more 
commonly represented among the teaching 
hospitals than the district general hospitals 
(7 = 68, p = 0-009), and departments of 
radiology or medical physics were more com- 
mon among the: district hospitals (7° = 7-2, 
p = 0-007). Research studies were performed 
in addition to routine clinical work in 78% of 
departments of cardiology, 65% of medical 
physics, 52% of nuclear medicine, and 22% of 
radiology. Research was significantly more 
common in teaching hospitals, being perfor- 
med in 20 of the 21 teaching hospitals but only 
seven of the 28-district hospitals that replied 
(77 = 23-9, p = 1-0 x 10°). Thus the repon- 
dents were polarised between research based 
departments of cardiology in teaching hospitals 
and clinically based departments of radiology 
or medical physics in the district hospitals. 
Table 1 shows the number of studies repor- 
ted. Fifty (74%) of 68 centres performed 
cardiac studies, and 11-7% of all nuclear 
medicine studies reported were cardiac. These 
numbers are similar to ones reported in a recent 
survey of general nuclear medicine depart- 
ments, where cardiac studies accounted for 


Table 1 Annual workload 
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11% of the workload. Teaching hospitals per- 
formed a significantly higher percentage of 
cardiac studies (16%) than district hospitals 
(7%) (7° — 20-7, p = 5-4 x 107%), in keeping 
with the higher number of departments of 
cardiology represented in the teaching hosp- 
itals. Table 2 shows the distribution of types of 
cardiac study. Sixty four per cent of centres 
performed no first pass radionuclide ventri- 
culography and 20% performed no thallium- 
201 scintigraphy. Thus in most centres 
equilibrium radionuclide ventriculography 
made up at least half of the workload with a 
variable proportion of thallium-201 scint- 
graphy. 

Respondents were asked to assess trends in 
their workloads. About half the centres (53%) 
reported that their general imaging workload 
was increasing and slightly more (57%) that. 
their cardiac workload was increasing. A com- 
parison of trends with absolute workloads 
shows significant associations (table 3). For 
general nuclear mecicine, there was a significant 
tendency for small departments (up to 2000 
studies per year) to report a rising trend 
(7 = 4:25, p <-0-:05), but for cardiac inves- 
tigations this situation was reversed. Smaller 
centres (up to 150 cardiac studies per year) 
were more likely to report a static or falling 
trend (x? = 6:57, p < 0-02). 

The median proportion of patients studied as 
outpatients was 80%, confirming that nuclear 
cardiological investigations are usually out- 
patient procedures. Over 70% of centres repor- 
ted that their most frequent referral source was 
a cardiologist. Of the 46 (67%) centres provid- 
ing full data on referral pattern, 73% of all 
cardiac studies were requested by cardiologists, 
16% by other physicians, and 11% by surgeons 
including cardiac surgeons. 


EQUIPMENT AND STAFF 

The mean number of cameras per centre was 
1-8 (median 1, maximum 7). Mean camera age 
was 5:2 years (median 5, maximum 10). Teach- 
ing hospitals had almost twice as many cameras 
as district hospitals (mean 2-7 and 1:4 per 
centre), although camera age was similar (mean 
5:2 and 5-2 years respectively). Each camera 
most commonly performed between 500 and 
1500 studies per year. The percentage of cen- 
tres according to camera load was <500 


studies per camera = 5%, 501-1000 
studies = 35%, 1001-1500 = 38%, 1501- 
2000 = 17%, >2001 studies per camera 
= 5%. 


The staff groups who performed and inter- 
preted studies varied widely (table 4) confirm- 
ing the diversity of nuclear cardiological prac- 


of imaging procedures (first pass radionuclide ventriculography, equilibrium radionuclide 


ventriculography, and thalltum-201 myocardial perfusion imaging 











All First First 
Data studies rest stress rest stress Thallium 
Number of replies 64 67 66 64 64 66 
Percentage performing studies 95 28 3 72 4l 64 
Total studies 147 904 1474 1010 8080 2132 4602 
Mean studies per centre 2425 78 505 176 82 110 
Maximum number ın any centre 8900 500 1000 1400 500 1500 
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Table 2 Number of hospitals according to the proportion 

of nuclear cardtology studies performed. Only 50 

hospitals from sent a reply to all three questions was 
lude 


recerved are inc 


First pass 

Percentage RNV 
0 32 

1~ 10 10 
ll- 20 1 
21i- 30 2 
31- 40 2 
4i~ 50 2 
51- 60 0 
Gi- 70 0 
71- 80 0 
81- 90 0 
91-100 1 
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RNY, radionuclide ventriculography. 
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Table 3 Assoctation between trends and annual 


workload 
Centres with Centres with static 
rising case load or falling case load 
Total studies 
1-2000 21 1] 
> 2000 10 16 
Cardiac studies 
1-150 12 17 
> 150 17 5 


tice in Great Britain. In almost all centres, staff 
from several groups were involved at all stages. 
Rest studies were performed more commonly 
by radiographers or technicians (63%) than by 
doctors (20%), but doctors were more com- 
monly involved in stress studies (48%). 
Radiologists reported the studies more com- 
monly (28%) than they performed them (6%). 
In 64% of centres, reporting was performed by 
doctors only, in 34% it was by a group that 
included doctors, and in one centre reporting 


was performed by non-medical staff. 


FIRST PASS RADIONUCLIDE VENTRICULOGRAPHY 

First pass radionuclide ventriculography was 
the least common (14-4%) of the three major 
cardiological investigations. Of 18 centres per- 
forming such studies, two used a multicrystal 
gamma camera and the remainder a single 
crystal camera. The most common reason for 


performing the studies was 


to evaluate 


intracardiac shunting (47%), though it was also 
used to evaluate left (23%) and right (17%) 
ventricular ejection fractions. 


EQUILIBRIUM RADIONUCLIDE 


VENTRICULOGRAPHY 


Equilibrium radionuclide ventriculography 
was the commonest study performed, account- 
ing for more than half (59%) of all cardiac 
studies. Some form of stress was used in 35 
(61%) of the 57 centres that performed radio- 


Table 4 Number of centres according to the type of staff 
involved in cardiac procedures (more than one person 


may be involved ) 
Rest study 

Cardiologist 9 
Nuclear physican 3 
Radiologist 3 
Physicist 13 
Radiographer 19 
Technician 28 


Stress study 


26 
13 

6 
12 
10 
26 


Reporting 


275 


nuclide ventriculography: of these, 66% used 
dynamic exercise, 9% isometric exercise, 20% 
cold pressor stress, and 5% pharmacological 
stress. Thirty four per cent of centres routinely 
withdrew cardiac medication before stress 
radionuclide ventriculography, 30% did not, 
and 34% gave a qualified answer, such as that it 
depended on the requesting physician. 

In vivo erythrocyte labelling was the most 
common (76%) form of labelling, followed by 
semi in vitro (14%), human serum albumin 
(6%), and in vitro (4%). The commonest dose 
of technetium-99m was 740 MBq given in 31% 
of centres followed by 800 MBq in 19%. 
Nineteen per cent of centres gave doses of less 
than 500 MBq. All centres imaged in the left 
anterior oblique projection (or a modification) 
but, in addition, 51% imaged in the anterior 
projection, 28% in the right anterior oblique 
projection, and 11% in the left lateral projec- 
tion. The commonest number of frames 
acquired per cardiac cycle was 16 (39%), 22% 
of centres acquired 20 frames, 17% acquired 24 
frames, and 4% acquired 32 frames. 

Nearly all centres analysed the studies to 
provide left ventricular ejection fraction (92%) 
and left ventricular wall motion (84%), but 
right ventricular ejection fraction (14%) and 
valve regurgitation (14%) were also sometimes 
measured, Fourier analysis was the commonest 
method of assessing wall motion (88%). For 
the calculation of background, the respondents 
showed preferences for a horseshoe shaped 
region of interest (63%), a single left ven- 
tricular region of interest rather than two 
regions (64%), and manual rather than 
automatic delineation of regions of interest 
(57%). Many centres thus prefer the manual 
methods of analysis to more complex 
automated methods. 

One of the most striking findings of the study 
was the variation in the normal range for left 
ventricular ejection fraction. The lower limit 
had a median value of 50% (range 35-75%) and 
the upper limit a median of 100% (range 50- 
100%). Just over half (53%) of the respondents 
specified no upper limit. Four centres believe 
that the left ventricular ejection fraction should 
be at least 60% and three centres believe that 
this would represent abnormally increased 
function. The median lower limit of left ven- 
tricular ejection fraction was the same (50%) 
for centres using either one or two left ven- 
tricular regions of interest. 


THALLIUM-201 MYOCARDIAL PERFUSION IMAGING 
‘Thallium-201 scintigraphy represented 26:6% 
of all cardiac studies. Dynamic exercise was the 
commonest method of stress (62% of centres). 
Intravenous dipyridamole was used in 22% of 
centres, oral dipyridamole in 7%, and a 
combination of exercise and dipyridamole in 
9%. Planar imaging was the most common 
technique (70%), followed by emission 
tomography (23%) and electrocardiogram 
gated imaging (7%). All centres performing 
tomography used rotating gamma 


Larger departments (more than 50 all cae 
studies per year) were more like ‘to ue ; 
tomography than smaller d partment} 
et 
x 3 
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Table 5 Other cardiac studies 


S 
g 


Indium-111 white cells 
Technetium-99m pyrophosphate 
Technetium-99m isonitriles 
Gallium-67 citrate 

Non-imaging probe 

Labelled fatty acids 

Antimyosin antibody 

Gold-195m 
Meta-iodobenzylgluanidine (MIBG) 
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(zy? = 5:5, p = 0-02), and there was also a 
tendency that did not achieve statistical sig- 
nificance for teaching hospitals to be more likely 
to use tomography (y? = 3:1, p = 0-077). 

The commonest doses used were 80 MBq 
(33%) and 74 MBq (29%) and four centres 
(10%) used more than 80 MBq. The delay time 
between stress and redistribution images 
varied from two to five hours (median four), and 
no centre routinely imaged after five hours. A 
few respondents used quantitative analysis 
(43%) or washout analysis (26%), but quanti- 
tative analysis was more common in teaching 
hospitals than district hospitals. (x° = 3-0, 
p = 0-085). 


OTHER STUDIES 

Very few centres performed other forms of 
cardiac imaging (table 5). In most cases the 
number of such studies performed at any centre 
was low. 


Discussion 

The aim of this study was to obtain a represen- 
tative view of the practice of nuclear cardiology 
in Great Britain. While such a study is unlikely 
to be complete, we believe that we have 
achieved our aim. We estimate that about 200 
hospitals in Great Britain have at least one 
gamma camera. Thus we requested informa- 
tion. from 70% of centres performing nuclear 
medicine and, although the response rate was 
relatively low, there was no bias towards either 
teaching hospitals or district general hospitals 
in the responders compared with the non- 
responders. The geographical distribution of 
the two groups was similar. 

By extrapolation from the 48% response 
rate, we estimate that the annual rate of nuclear 
medicine ._procedures reported was approxi- 
mately 6000 per million population per year. 
The rate-of nuclear cardiological investigation 
was 700 per million per year. In the United 
States in 1985, the rates for general nuclear 
medicine‘and nuclear cardiology were 29 600‘ 


and 3550 per-million per year‘ respectively. In > 


1988 this:last-figure had increased to 4000-per 
million per year.” Thus five times as many 
procedures are performed in the United States 
as in Great Britain, though the proportion of 
nuclear cardiology to general nuclear medicine 
is similar:. This survey cannot indicate the 
reason for this difference, but it does allow some 
informed guesses'to be made: 

The number: .of hospitals with suitable 
equipment is-clearly.an.important factor. Jia the 
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United States in 1983 it was estimated that 
approximately half of the hospitals had nuclear 
medicine facilities’ whereas the proportion in’ 
Great Britain is approximately one third, even 
in 1990. Median camera age in Great Britain is 
five years with some centres having 10 year old 
cameras. Given the rapid advances in camera 
and computer design this equipment is 
relatively old, suggesting a low level of capital 
investment. One effect of the shortage of 
modern cameras is the low percentage (23%) of 
centres performing thallium-201 emission 
tomographic imaging. Although the debate 
about the relative accuracies of planar and 
tomographic thallium-201 imaging continues, 
the tide has turned in favour of tomography. A 
potent factor in persuading clinical cardio- 
logists to use myocardial perfusion imaging is 
their familiarity with the images and the ease of 
interpretation. Tomographic imaging, if well 
performed is better than planar imaging in 
these respects and its scarcity may be one 
reason for the low use of myocardial perfusion 
imaging. 

A second point highlighted by the survey 
that may explain the difference in nuclear 
cardiology practice between Great Britain and 
the United States is the diversity of staff that 
perform studies. Little formal medical training 
in nuclear medicine is available in Great 


. Britain. There are eight full-time registrars in 


nuclear medicine, eight senior registrars, 29 | 
consultants, and six senior lecturers or profes- 
sors. Most departments are not run, therefore, 
by full-time nuclear medicine physicians and a 
very wide range of skills are used. Technicians 
and radiographers most commonly perform 
rest studies and cardiologists most commonly 
perform stress studies. In contrast, radiologists 
least commonly perform rest or stress studies 
but most commonly report them. The 
relatively large number of centres in which 
cardiologists perform stress studies is 
encouraging but the fact that they are less 
commonly involved in reporting is disappoint- 
ing because the report is most likely to be 
clinically relevant if formed in close collabora- 
tion with the referring clinician. Many cardio- 
logists hold regular meetings where the results 
of their patients’ investigations are reviewed 
with the relevant clinical staff. Such a setting 
would be ideal for the reporting of nuclear 
cardiological procedures. . .. 

Apart from differences in the availability and 
practice of nuclear cardiology, other factors 
will clearly influence the relative rates of inves- 
tigation in Great Britain and the United States. 
These include a more aggressive style of inves- 
tigation and treatment in the United States, a . 


‘greater awareness of potential litigation, and 
.. different mechanisms of financing medical care. 


For these reasons, the comparison between 
countries should not be taken too far. 

In addition to the low use of nuclear car- 
diology, we have identified large discrepancies 
in practice throughout Great: Britain. A par- 
ticularly worrying finding is the disparity in 
normal ranges for left ventricular ejection frac- 
tion, with the lower range of normal varying 
from 35% to 75%. It is not known whether this 
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- motion abnormalities are highly specific. 


is the result of different perceptions of nor- 
mality, differences in analytical technique, or 
technical errors. Clearly, it is important that 
values are transferrable between centres and 
this finding should serve as a spur to the 
standardisation of methods of acquisition and 
analysis. One of the most potent sources of 
variation is the estimation of background 
counts. The commonest method was to use a 
manually defined horseshoe region of interest 
lateral and inferior to the left ventricle with a 
single left ventricular region of interest. This 
method seems to be the most reproducible, but 
a greater degree of standardisation is required. 
It is also surprising to find that most centres use 
projections in addition to the one that best 
separates the left and right ventricles in 
equilibrium radionuclide ventriculography. 
Acquisition in only a single projection gives a 
distorted view of the left ventricle with weight- 
ing towards the anterior part of the blood pool 
because of attenuation of counts from the more 
distant inferior portion.’ In an attempt to 
overcome the problem, 79% of centres also 
image in the anterior or right anterior oblique 
projections. The reliability of these projections 
is questionable because of the overlying right 
ventricle, and the left lateral or left posterior 
oblique projections are preferable. 

For the analysis of wall motion 67% of 
centres used Fourier phase and amplitude 
imaging rather than alternative methods such 
as those based in the motion of contours. This 
is encouraging because objective measure- 
ments of phase and amplitude should aid 
standardisation. The assessment of contours 1s 
not ideal because of its subjectivity and the fact 
that only the motion of walls seen end-on can 
be assessed from a contour display. 

It is particularly disappointing that 29% of 
centres used either isometric stress or cold 
pressor stress to assess left ventricular function 
during stress. Neither of these techniques is 
adequate to provoke abnormalities in patients 
with coronary artery disease though new wall 
8-10 

There. was understandably less variation in 
technique for thallium-201 scintrigraphy but 
the major finding was that-only one quarter of 
centres. used: emission tomographic imaging. 
Thè strengths and usefulnéss. of emission 
tomography have already been - discussed. 
There was a significant tendency for larger 
centres to perform tomography. While it is 
tempting to speculate that the better quality of 
tomograms prompts more referrals, an alter- 
native explanation is that only. the larger 
centres have suitable equipment. 

Although there was general agreement on the 
dose of thallium-201, four centres routinely use 
a dose higher than that recommended by the 
Administration of Radioactive Substances 
Advisory Committee (80 MBq). There is in- 
creasing pressure to use higher doses in order to 
obtain good quality tomograms and to allow 
redistribution imaging at later times. No 
centres reported redistribution imaging later 
than five hours after the injection of the isotope, 
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but since the date of the survey evidence has 
emerged that imaging at four hours can under- 
estimate the extent of viable myocardium.” 
Perhaps it would be better to repeat imaging 
after a further injection of thallium-201 at rest 
rather than to study late redistribution. This of 
course increases the radiation burden to the 
patient, but doses of 120 to 160 MBq are 
becoming accepted practice in the United 
States. The large effective dose equivalents 
(37-5 to 50 mSv) must be weighed against the 
potential benefits. 

In conclusion, we found that nuclear car- 
diology investigation is less often used in Great 
Britain than would be expected by extrapola- 
tion from data on some other countries. We 
have highlighted some practical aspects that 
may explain the discrepancy, and we believe 
that the position is unlikely to change without 
an increase in the number of cardiologists and 
physicians with experience in nuclear car- 
diology. This is most likely to come about 
through undergraduate and postgraduate 
education and we agree with proposals for a 
new training programme for cardiology includ- 
ing the statement that “trainees must now 
acquire not only clinical skills but also con- 
siderable expertise in nuclear car- 
diology.” ” 


We are grateful to all respondents who completed the question- 
naire. We apologise to any centres that would have been eligible 
but did not receive a questionnaire. We are anxious to hear trom 
them so that future surveys may be more complete. 
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We had anticipated having some firm news 
this month about our proposed valve registry 
(in conjunction with the Society of Cardio- 
thoracic Surgeons) but our plans for a degree 
of cooperation with the manufacturers have 
had a setback. Professor Ken Taylor attended 
a board meeting of the International Associa- 
tion for Prosthesis Manufacturers (APM) in 
Amsterdam in December to present to them 
the proposals for the UK valve scheme that 
we believe might be a pilot for a wider 
European plen, He has told us the disappoint- 
ing result of this meeting: “After consider- 
able discussion it became apparent the [APM 
members were unwilling to provide any 
financial support for the initiative. [APM 
members believed it was more appropriate for 
themselves to pursue the development of a 
standard pan-European registration card of 
implanted valves, and they considered this 
approach as their priority. Although a pan- 
European scheme is welcome—and one that 
we ourselves have supported in principle— 
most European countries do not have the 
level of data registration on valve patients 
compared with the comprehensive informa- 
tion available through the United Kingdom 
Valve Registry. The [APM scheme offers no 
real prospect of increasing the minority of 
patients who currently receive a card with 
details of the implanted valve({s), and 
therefore it seems important for us to pursue 
alternative funding approaches in this 
country.” We hope soon to have news of 
better progress in this area that we identified 
as a priority very many months ago. 

A working party on radiation hazards in 
cardiology has been set up by the society. 
Radiation has always been a problem, but 
two factors are making it more pressing. The 
first follows from the increasingly complex 
procedures that are needed in interventional- 
ist cardiology, in electrophysiology, and in 
paediatric cardiology. Inevitably these lead to 
longer screening times than are needed for 
simple angiography. Advances in other imag- 
ing techniques—~notably echocardiography— 
are an important mitigating factor, but some 
cardiologists are facing longer screening 
times than has been usual, and indeed longer 
times than may be desirable. The second 
factor may become increasingly important 
over the next few years: we face a major 
reduction in the number of career registrars 
and research registrars and inevitably this 
will increase the workload of more senior 
colleagues in relation to investigation and 
pacemaker implantation. Clearly there are 
implications for safety and indeed for staffing 
levels. The working party will be chaired by 
John Camm. We are delighted that three 
distinguished cardiac radiologists have 
agreed to help: John Reid from Edinburgh, 
Peter Wilde from Bristol, and Maurice 
Raphael from London. The other cardiolo- 





pr ‘gists gre Shakel Qureshi, Martin Rothman, 


r EMAN Jni Clarke, and Roger Boyle. 

, We éontinue to be concerned by the severe 
problems over staffing faced by cardiologists 
igy the Uniteďt Kingdom. An important aspect 
ig the impossibility of providing a compre- 
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hensive service within our district hospitals. 
This is faced most acutely by single handed 
cardiologists in the larger districts. We have 
written to all who are in this situation (having 
district populations over 250,000), enclosing 
an informal questionnaire that was drawn up 
in cooperation with the President of the Royal 
College of Physicians who shares our con- 
cern. The results will be made available to the 
college and may be used in the evidence 
submitted to an enquiry on medical man- 
power within the National Health Service. 

We feel a little guilty (only a little) about 
the number of questionnaires we are sending 
our. Accurate information is a powerful 
weapon. It is essential in our struggle for the 
facilties to provide an adequate service in the 
specialty. ‘The staffing surveys for consultants 
and senior registrars (1991) are nearing 
completion, and in February we sent out the 
survey on facilities (1992). For the first time 
we cooperated with the affiliated groups and 
incorporated new questions at their request. 
We also combined forces with the Society of 
Cardiological Technicians which was intend- 
ing to conduct its own survey. Their docu- 
ment, which was mailed with our own, is 
intended for completion by senior or chief 
technicians. The cooperation will avoid the 
need to collect information twice. We hope 
colleagues appreciate that the big bang 
strategy for surveys—whereby most come in 
one fell swoop—does save time, trouble, and 
irritation |in the end. Those who put the 
documents to one side are also aware of the 
relentless nagging that ensues: it is easier to 
complete them at once. One of the authors of 
this letter wishes to report that his was the first 
completed return for the staffing survey: it did 
come and go by post, though the University 
of Sussex is not faraway... 

John Birkhead, in collaboration with 
colleagues in Bath, Brighton, Doncaster, 
Merthyr Tydfyl, and Telford, has completed 
a preliminary study of factors influencing the 
delay between the onset of symptoms and 
administration of thrombolytic therapy in 
patients with acute myocardial infarction. 
The results, shortly to be submitted for 
publication, have stimulated much discussion 
within the audit committee and the project is 
to be expanded to include 25 cardiac care 
units in district general hospitals as an exer- 
cise that should enable participating centres 
to compare their performance with that of 
others, Data collection will be extremely 
simple, requiring minimal additional work 
easily incorporated into the routine of the 
busiest cardiac care unit. If you think you 
might like to participate please contact John 
Birkhead at Northampton General Hospital. 
The second project currently in progress is 
David de Bono’s Confidential Enquiry into 
Complications from Cardiac Catheterisation 
(CECCC). Its feasibility was assessed in five 
cardiac catheterisation laboratories and the 
study has now been extended to include more 


-than 25 centres. In most centres a senior CCU 


nurse is responsible for reporting compli- 
cations: data collection has been remarkably 
smooth. Interest is maintained by a monthly 
newsletter and periodic feedback to partici- 
pants who can identify the results from only 
their own centre. Such feedback has already 
identified a consistent pattern of complica- 
tions in two centres resulting in an internal 
review of procedures. Ideally we feel that all 
cardiac centres should participate and if you 
think you might be prepared to join the 
next wave please contact David de Bono at 
Leicester. New audit proposals under discus- 

sion relate to non-cardiac surgery in patients ` 
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on long-term anticoagulant therapy (Mark 
Dancy) and the management of cardiac sur- 
gical waiting lists (Tom Treasure and 
Michael Joy). We hope that the committee 
will shortly have control of its own budget. If 
you have an idea for an audit project requiring 
national rather than local organisation write 
to Nick Brooks at Wythenshawe Hospital, 
Manchester. 

We have received news of the British 
Pacing and Electrophysiology Group from 
Richard Sutton who writes ‘““BPEG’s next 
annual general meeting will be on 10 July at 
the Royal College of Physicians, the guest 
speaker will be Professor Giorgio Feruglio. 
BPEG continues its educational efforts to 
combat the inappropriately low rate of 
pacemaker implantation in the United 
Kingdom, with symposia in Maidstone, 
Plymouth, Aberdeen, Liverpool, and 
Norwich. An educational session is planned 
for 26 May (2.00 to 5.00 pm) in association 
with the British Cardiac Society annual meet- 
ing in Harrogate. Additional information can 
be obtained from BPEG (071 351 8298). The 
working party report on pacemaker prescrip- 
tion that was published in the British Heart 
Journal in August 1991 has attracted 9500 
reprint requests so far.” 

The European Society of Cardiology has 
published the latest figures on the number of 
cardiologists in 10 countries who have been 
elected to the fellowship. Our efforts to 
promote enthusiasm have not been in vain. 
To our considerable surprise, the United 
Kingdom heads the list with 64 fellows, with 
Italy second at 53. Nevertheless, we are not 
satisfied that colleagues are availing them- 
selves of the opportunity for support from the 
British Cardiac Society. We have 390 
cardiologists in the United Kingdom at the 
last count, and many cardiac surgeons in 
addition. Many more qualify for the fellow- 
ship than'have applied. The criteria set by the 
European Society are set out in the newsletter 
of February 1991. Application forms can be 
obtained from: ESC Fellowship Department, 
22 Rue Juste Olivier, CH-1260 Nyon, 
Switzerland. 

The date of the first teach-in, on molecular 
biology (Sir David Weatherall), on 31 March 
is rapidly approaching. By this time all places 
may well. have been taken but we do plan a 
reserve list so it may be worth telephoning the 
society if you have not already done so. 
Abstracts for the first meeting of the European 
Resuscitation Council (Brighton, 20 and 21 
November) are due to be submitted by the 
end of April. Information packs are available 
from the British Cardiac Society. Because the 
society played a key role in the formation of 
the council we hope to see a good British 
presence and strong participation. 

DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society, 
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The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate 
International Centre on 26 to 29 May. The 
closing date for receipt of abstracts was 3 
January. 
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Stress proteins, self defence, and the myocardium 


Despite advances in the treatment of coronary artery 
disease, the search for ways to preserve myocardium 
threatened by ischaemic or reperfusion injury continues. A 
group of proteins known as the heat shock or stress proteins 
represent the cell’s innate ability to protect itself. Do these 
proteins have a role in protecting the heart in coronary 
artery disease and can this self preservation mechanism be 
exploited therapeutically? 

Heat shock proteins were originally described in the 
1960s' and over the next two decades the concept of 
thermotolerance developed. It was discovered that cells 
and organisms exposed to sublethal hyperthermia synthes- 
ised stress proteins’ and were rendered tolerant or resistant 
to subsequent hyperthermic stress. This group of inducible 
stress proteins is phylogenetically well preserved, being 
present in various organisms from bacteria to humans.’ It is 
unlikely that their expression in mammals is merely an 
evolutionary remnant of little relevance to homoeothermic 
animals, since their induction is not confined to the stimulus 
of heat. Other stimuli include various metabolic stressors 
such as cellular hypoglycaemia, reactive oxygen species 
(hydrogen peroxide and superoxide), and ischaemia‘ *—all 
factors that suppress the synthesis of other cellular 
proteins. 

Animal studies have shown that after preconditioning 
with a brief period of ischaemia the heart is temporarily 
protected from further ischaemic episodes,° and recent 
evidence suggests that this phenomenon also exists in 
humans.’ In addition, a constitutively (basally) expressed 
stress protein of the 70 kDa heat shock protein (HSP70) 
family is selectively inducible in rabbit heart by ischaemia.’ 

It is well recognised that heat shock and the subsequent 
synthesis of stress proteins is protective; whether stress 
proteins contribute to myocardial preconditioning remains 
controversial. Attention to date has focused on the 70 kDa 
stress protein, which has been well reviewed.*” 

A role for stress proteins in myocardial preconditioning 
was supported by work that showed that rendering animals 
hyperthermic (thus inducing the heat shock protein res- 
ponse) before an episode of cardiac ischaemia had a 
protective effect both during the ischaemic period and on 
restoration of perfusion.'”'' However, a few minutes of 
myocardial ischaemia has been shown to exert a protective 
effect, preconditioning the heart against subsequent 
ischaemic episodes.° ’ Such a time course suggests that this 
preconditioning effect is unlikely to be due to stress protein 
induction: increased expression of HSP70 mRNA is not 
seen in rabbits until an hour after a short ischaemic period, 
and an increase in the stress protein itself is only detected 
after two hours, peaking at 24 hours.’ In addition, it has 
been shown that protein synthesis is not a prerequisite for 
preconditioning.” 

A further group of stress proteins may contribute to the 
myocyte’s defences. The glucose-regulated stress proteins 


are induced by cellular hypoglycaemia, a state that occurs 
during ischaemia when the synthesis of other proteins is 
suppressed. Though little is known of their functions, 
they may modulate the response of the myocyte to hypoxia, 
perhaps by regulating the folding and assembly of proteins 
disrupted by hypoxia."* 

Stress proteins also seem to have a role in myocardial 
adaptation (by hypertrophy), to haemodynamic overload." 
Cardiomyocytes adapt rapidly to pressure overload with 
increased protein synthesis. Though the bulk of such 
proteins comprise contractile units, increased expression of 
the HSP70 gene is detected as early as an hour after the 
onset of pressure overload, followed by the appearance of 
the HSP70 protein. This induction is a short-lived 
phenomenon; concentrations of HSP70 mRNA return to 
baseline after 24 hours despite continuous pressure 
overload. Although the transience of their induction sug- 
gests that stress proteins are not the sole cause of compen- 
satory hypertrophy, their perinuclear distribution implies 
that they may have a permissive role in mediating overload- 
induced hypertrophy. By the mechanisms discussed below 
they may permit the rapid recovery of protein synthesis 
interrupted by the onset of overload, thus enabling the cell 
to survive the initial stress and to adapt by hypertrophy to 
continued overload. 

What are the mechanisms by which stress proteins 
provide protection? It has been hypothesised that they 
recognise and repair hypoxia-induced damage to cellular 
proteins; ° rescue protein synthesis and mRNA splicing 
halted by the onset of stress;'’ '* and are involved in protein 
folding and unfolding, assembly and disassembly, and 
translocation.” A further possibility is that stress proteins 
exert their effect by affording protection against the 
oxidative stress of reactive oxygen species liberated during 
post-ischaemic reperfusion: heat shock is accompanied by 
the induction of the antioxidant catalase within the 
myocardium.’ Inhibition of catalase induction has been 
shown to lessen the protective effect of heat shock.” 

Do stress proteins protect the heart by other antioxidant 
mechanisms? A low molecular weight stress protein (SP32) 
is present in the heart” and induced by the reactive oxygen 
species, hydrogen peroxide.” Reactive oxygen species are 
released early during post-hypoxic reperfusion and have 
been implicated in myocardial reperfusion injury. $P32 has 
been identified as haem oxygenase-1,” the rate limiting 
enzyme in the degradation of haem to bilirubin. Bilirubin is 
a potent scavenger of reactive oxygen species, its efficacy 
increasing with the decrease in pH" associated with 
ischaemia. Haem oxygenase-1 (SP32) is active only in the 
presence of oxygen. It is therefore possible that during 
reperfusion (for example after thrombolysis for myocardial 
infarction) the induction of haem oxygenase-1 mediated by 
reactive oxygen species has a protective antioxidant effect. 

It may therefore be hypothesised that the heart is 
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protected by the innate ability of the cardiomyocyte to 
defend itself against hypoxic, oxidant, and haemodynamic 
stress by the induced expression of a stress protein 
response. The heart is not unique in this respect: the 
inflamed joint shows striking similarities.* It too is subject 
to pressure-induced ischaemia and reperfusion events that 
facilitate the generation of reactive oxygen species and the 
induction of protective stress proteins.” Additionally, the 
60 kDa stress protein family has been implicated in inflam- 
matory arthritis,“ 7 inviting speculation that because of the 
highly conserved nature of stress proteins, molecular 
mimicry may lead to the development of autoimmunity.” 

Some fundamental questions remain. Do the stress 
proteins provide the heart with purely a self defence 
mechanism or can they also attack (for example in auto- 
immune conditions such as Dressler’s syndrome and lupus 
carditis)? While research to elucidate the molecular biology 
of the stress proteins continues, questions about their 
therapeutic exploitation should be considered. Has this 
already been achieved during surgery by the hypothermic 
induction of protective stress proteins during cold cardio- 
plegia and organ transport? Finally, will pharmacological 
Intervention prolong or stimulate the induction of stress 
proteins, thereby providing a means to protect the myocar- 
dium in coronary artery disease? 
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Antiphospholipid antibodies and cardiovascular 


disease 


H L C Beynon, M J Walport 


Vascular inflammation is a common feature of 
autoimmune diseases including systemic 
lupus erythematosus and the primary vas- 
culitides (for example, polyarteritis nodosa, 
Wegener’s granulomatosus, and Takayasu’s 
arteritis). This inflammation is characterised 
by destruction of the vessel wall; perivascular 
infiltration of neutrophils, monocytes, and 
lymphocytes; and deposition of immuno- 
globulins and complement proteins.'? A novel 
type of autoimmune vascular damage has been 
characterised during the past few years 
associated with the presence of anti- 
phospholipid antibodies. The predominant 
manifestation is vascular thrombosis in 
the absence of other markers of tissue 
inflammation. 

Three techniques are commonly used in 
clinical practice to identify antiphospholipid 
antibodies. In order of increasing sensitivity 
these are the VDRL (Venereal Diseases 
Reference Laboratory), lupus anticoagulant, 
and anticardiolipin antibody (ACA) assays. 
Cardiolipin is the most usual antigen used in 
antiphospholipid antibody assays and was 
chosen for historical reasons because it is a 
constituent of the VDRL reagent. However 
assays for antibodies to other negatively 
charged phospholipids, such as phosphatidyl- 
serine and phosphatidic acid seem to be 
equally sensitive and much work is needed to 
define the best method of identifying these 
antibodies in clinical practice. 

Antiphospholipid antibodies are found in 
two main clinical settings: (a) after chronic 
infection—for example, syphilis, malaria, 
leprosy—and (b) associated with auto- 
immunity. Only in autoimmune diseases do 
these antibodies correlate with thrombosis. 
The VDRL and anticardiolipin antibody 
assays do not distinguish between anti- 
phospholipid antibodies associated with 
infection or autoimmunity—therefore inter- 
pretation of the relevance of a positive result 
from these assays is dependent on the clinical 
circumstances. In contrast, the lupus 
anticoagulant is more specifically found in 
association with autoimmune disease 
including the “primary antiphospholipid 
syndrome”. However, it may also be found 
after treatment with certain drugs, such as 
chlorpromazine, and its clinical significance in 


this context is not certain. The test for lupus 
anticoagulant is technically more difficult and 
less sensitive than the newly established meth- 
ods for detecting anticardiolipin antibodies. 

Four questions about the association of 
these autoantibodies with cardiovascular 
disease will be considered here: (a) what is the 
nature of their association with thrombosis, 
valve lesions, and pulmonary hypertension; 
(6) is there any true association with coronary 
artery disease; (c) are the antibodies causally 
related to disease; and (d) what is the best 
treatment? The other significant clinical and 
haematological associations with these auto- 
antibodies (recurrent spontaneous abortions, 
haemolytic anaemia combined with thrombo- 
cytopenia, and chorea gravidarum) fall outside 
the scope of this review and have been 
reviewed elsewhere.’ * 


Thrombosis 

Thrombosis of the veins and arteries is the 
commonest clinical feature associated with the 
presence of antiphospholipid antibodies. 
These thrombotic events are often repeated 
and almost every portion of the circulation can 
be affected. Indications for assay of anti- 
cardiolipin antibodies include recurrent deep 
venous thromboses, early onset cerebro- 
vascular disease (which may be associated with 
cognitive impairment and progression to 
multi-infarct dementia), and unexplained 
thrombosis in other circulations. The table 
shows the list of thrombotic events anecdotally 
associated with the presence of anticardiolipin 
antibodies. The eponymous Sneddon’s 
syndrome, comprising livedo reticularis and 
cerebrovascular disease, is often associated 
with these autoantibodies.” 


Valve disease 

Libman and Sachs reported in 1924 a “hitherto 
undescribed form of valvular and mural 
endocarditis” in patients with systemic lupus 
erythematosus.° There is now good evidence 
for an association of this form of endocarditis 
with the presence of antiphospholipid 
antibodies. In patients with systemic lupus 
erythematosus Galve and colleagues in 1989 
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Vascular associations of 
antiphospholipid 
bodi 


Arterial disease 

@ thrombosis of large 
arteries leading to: stroke, 
splenic infarction, 
mesenteric infarction etc. 
multi-infarct dementia 
marrow necrosis 
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@ recurrent deep venous 
thromboses with or 
without emboli 

@ Budd-Chiari syndrome 


Placenta 
@ thrombosis of placental 
vessels 


found anticardiolipin antibodies in eight out of 
nine patients with valve lesions and seven out of 
16 patients without.’ This finding has been 
confirmed in a recent prospective analysis in 
which high titres of antiphospholipid 
antibodies (>5 SDs above the normal mean) 
were detected in 50 of 93 patients with systemic 
lupus erythematosus.’ Thirty nine of the 
patients with raised titres of anticardiolipin 
antibody were found to have at least one cardiac 
abnormality. Valve lesions predominantly 
affecting the mitral valve were present in 20 
(vegetations in eight and diffuse valve thicken- 
ing in 12). Pericardial effusion was present in 15 
patients and four patients had evidence of 
myocardial dysfunction. In this study the 
overall sensitivity and specificity of high titres 
of anticardiolipin antibodies in predicting 
cardiac abnormalities in systemic lupus eryth- 
ematosus was 78% and 74% respectively. In 
the same study eight of 12 patients with high 
titres of antiphospholipid antibodies who did 
not fulfil the American Rheumatism Associa- 
tion criteria for systemic lupus erythematosus 
also had cardiac abnormalities: four had mitral 
valve vegetations, three had diffuse thickening 
of the mitral valve, and one had severe aortic 
regurgitation. Others have confirmed the 
association between antiphospholipid 
antibodies and valvar heart disease in similar 
groups of patients." There is an appreciable 
chance of ascertainment artefact resulting in 
the collection of biased data in such studies— 
that is, obstetricians are more likely to see a 
high prevalence of recurrent abortions in 
patients with antiphospholipid antibodies and 
it is not surprising that cardiologists also report 
that cardiac disease is common. 


Pulmonary hypertension 

Primary pulmonary hypertension was found 
in up to 14% of patients with systemic lupus 
erythematosus.” '* In an uncontrolled study of 
24 patients with autoimmune disease and 
pulmonary hypertension (22 systemic lupus 
erythematosus, one primary antiphospholipid 
antibody syndrome, one _ lupus/systemic 
sclerosis overlap) 21 patients had primary 
pulmonary hypertension with no evidence 
of thromboembolism and antiphospholipid 
antibodies were detected in 68%, compared 
with a background frequency in systemic lupus 
erythematosus of 30-40%.” 4 Further work is 
needed to establish whether this association is 
genuine. 


Is coronary artery disease significantly 
associated with antiphospholipid 
antibodies? 

Given that coronary artery disease is so com- 
mon it would be surprising if there was a 
marked association of this condition with anti- 
phospholipid antibodies. It was therefore 
remarkable when a prevalence of anticar- 
diolipin antibodies of 21% was reported among 
62 young (<45 years) survivors of myocardial 
infarction without other evidence of auto- 
immune disease.” During a five year follow up 
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cardiovascular events (including stroke, lower 
limb occlusion, new myocardial infarction, and 
pulmonary embolism) were more common in 
eight out of 13 patients with raised titres of 
anticardiolipin antibody. No clinical features 
separated the groups of patients with or with- 
out anticardiolipin antibodies at the time of 
initial presentation with myocardial infarction. 
This study raises two questions: (a) which 
came first—the coronary artery disease or the 
anticardiolipin antibodies and (6) what rela- 
tion, if any, did the subsequent vascular disease 
have to the autoantibody? Two other groups 
have also reported raised titres of anticar- 
diolipin antibodies in cohorts of patients with 
coronary artery disease: (a) anticardiolipin 
antibody titres were raised in patients with 
angina and/or infarction compared with groups 
of patients with tuberculosis or rheumatoid 
arthritis’ and (b) there was a significant correla- 
tion between anticardiolipin titres (measured at 
the time of coronary artery bypass surgery) and 
the incidence of late graft occlusions.” 

It is important to appreciate that the cut off 
point for “positive” results in each of these 
studies was 2 SDs above the normal mean— 
that is, a value that includes 5% of a normal 
population. This cut off value is much lower 
than the value of 5 SDs usually chosen in anal- 
yses of patients with systemic autoimmunity. 

Other surveys” of consecutive patients 
with coronary artery disease have not confirmed 
an association with anticardiolipin antibodies 
and the pathogenic significance of the low titres 
of these antibodies measured by some workers 
in these patients remains doubtful. 

What is the prevalence of coronary artery 
disease among patients with autoimmunity 
and antiphospholipid antibodies? Myocardial 
infarction was identified in 13 (six systemic 
lupus erythematosus, three lupus like disease, 
and four primary antiphospholipid syndrome) 
of 300 patients with high titres of antiphos- 
pholipid antibodies.” This low prevalence of 
4% myocardial infarction among patients 
with very high titres of anticardiolipin anti- 
bodies casts further doubt on the pathogenic 
significance of low titres of antibodies in 
some series of patients with coronary artery 
disease in the absence of other evidence of 
autoimmunity. i 


Pathogenesis 

The data reviewed above strongly support the 
existence of genuine epidemiological associa- 
tions of a subset of antiphospholipid antibodies 
with thrombotic vascular disease and with 
endocarditis, though the strength of these 
associations requires further clarification. The 
target of these autoantibodies in vivo has not 
been identified. Negatively charged phos- 
pholipids are widely distributed in cell mem- 
branes, but they are mainly located on the inner 
lamella of the cell membrane and in this 
location are not accessible to autoantibodies.” 
Recent work has suggested that antigenicity in 
vitro of antiphospholipid antibodies depends 
on the interaction of the phospholipid with a 
protein cofactor ß, glycoprotein I (apo- 


Antiphospholipid antibodies and cardiovascular disease 


lipoprotein H).” It is unknown whether a 
cofactor is involved in vivo. 

The in vitro and in vivo effects of antiphos- 
pholipid antibodies are paradoxical. In vitro 
the lupus anticoagulant prolongs the partial 
thromboplastin time by inhibiting the binding 
of the factor X and prothrombinase complexes 
to anionic phospholipid substrate.” In con- 
trast, these antibodies are associated with 
thrombosis in vivo and several hypotheses have 
been proposed to explain this: (a) activation of 
platelets; (b) endothelial activation rendering 
the antibody procoagulant (inhibition of pros- 
tacyclin generation, inhibition of thrombo- 
modulin generation of active protein C); (e) 
inhibition of fibrinolysis by interference with 
protein C and S function; (d) impaired prek- 
allikrein action; and (e) inhibition of antithrom- 
bin III (reviewed in *). None of the mechan- 
isms has been convincingly proven to operate 
in vivo. It is noteworthy that inherited deficien- 
cies of proteins C, S, and antithrombin III are 
each associated with recurrent venous, but not 
arterial, thromboses. 


Treatment 
It is disappointing that the treatment of 
patients with antiphospholipid antibodies has 
not developed beyond the empirical stage and 
no formal clinical trials have been published. It 
is common practice to prescribe long-term 
anticoagulation with warfarin for patients with 
venous thrombosis and antiphospholipid 
antibodies, because there is some evidence that 
there is a high risk of recurrent thrombosis 
when such treatment is stopped.” Significant 
valve lesions should be sought so that patients 
can be advised about antibiotic prophylaxis. 
All other management issues are uncertain. 
Arterial disease, especially cerebrovascular, 
poses particular difficulties because there is 
good evidence of insidious progression in some 
patients.” Warfarin combined with low dose 
aspirin is a reasonable empirical treatment but 
there are no data showing effectiveness or 
ineffectiveness. The role of immunosuppres- 
sion is even more uncertain—removing the 
antibodies is fine in principle but in practice 
requires the administration of large doses of 
steroids and cytotoxic agents. Corticosteroids 
are widely prescribed to patients with anti- 
phospholipid antibodies, but there are no con- 
trolled data and this practice is not based on 
logical premises. In other autoimmune diseases 
such as systemic lupus erythematosus steroids 
are potent anti-inflammatory agents. There is 
no evidence that classic inflammatory mechan- 
isms are involved in the pathogenesis of the 
vascular associations of the antiphospholipid 
syndrome. For this reason we usually restrict 
steroids and cytotoxic drugs to patients with 
co-existing systemic lupus erythematosus or 
related diseases with other clinical manifesta- 
tions of inflammation. 


Conclusion 
The delineation of the clinical syndrome 
associated with antiphospholipid antibodies 
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has defined new challenges for clinicians and 
scientists interested in vascular biology. Dur- 
ing the first major rush of enthusiasm it is likely 
that most of the important clinical correlates of 
the importance of these antibodies have been 
discovered. The important questions that now 
remain to be answered are: (a) what is the 
relevant antibody specificity and how should it 
be measured, (b) if the pathogenesis of throm- 
bosis is mediated by the antibody, what 1s the 
mechanism, (c) what is the prevalence of the 
different clinical features of the syndrome in 
unselected individuals with antiphospholipid 
antibodies and what is the scale of the problem 
overall (that is, to what extent do ‘“‘pathogenic”’ 
antiphospholipid antibodies contribute to 
thrombosis in unselected cohorts of patients), 
and (d) what is the best treatment? There are 
still more questions than answers. 
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VIEWS FROM THE PAST George Dock 


There is no new thing under the sun. 
Ecclesiastes 1.9 


In this era when angiography, angioscopy, and 
pathology have concentrated on the importance 
of plaque disruption in causing coronary 
thrombosis it is salutatory to discover astute 
observations made in the last century. 


George Dock in 1896 made observations that 
have a remarkably modern ring. . 


A negro rey of fifty, a man oF unusually” 
_. powerful physique; with a history of perfect health, + | 


„was seized in the night with pain inthe heart-region ~ 
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Why then did pathologists subsequently deny 
the importance of thrombosis? Perhaps 
because they had become remote from the 
clinical aspects of disease. That cannot be 
said of George Dock who was successively 
Professor of Pathology in Galveston, Professor 
of the Theory and Practise of Medicine, 
University of Michigan, and Professor of 
Medicine in St Louis. 
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PER mm vers extending rwo-thirds around 
‘the dilated’ artery. The edges were overhanging, thie” 
flow uneven and ragged, presenting all the appearan- 


‘|.- and-a sense of suffocation: He was seen by Dr H A` „cés of a recent rupture. This provéd "to be the casé. 


- West, who found no special symptoms other than ` 
those inentioned: ‘Morphine temporarily relieved the .. 


‘.On opening up, the sections of the, branches below - 
_ the rupture they were found to contain a little blood ~ 


‚pain, but in about two houra after.the onset the r. with characteristic atheromatous material, such ‘as ” 


` patient suddenly died. I.made an autopsy six hours + 
after death, and, finding no marked evidence of-* 
disease in any other organ; took thé heart unopened 
to my laboratory for caréful- ‘examination. This was, 


:cholesterin plates, blood pigment'in crystals and © 
‘masses, larger‘cells‘with highly refracting granules 
and amorphous and granular debris. The left lateral . 
" "branch of the - artery just below the rupture was 


` made by cutting the organ in slices, parallel to the- obstructed by an atheromatous nodule in its: wall, 


‘ ‘auriculo-ventricular, ‘septum, and examining the ves- + 
: sels in each slice separately. . 


aries. The latter were affected'in various degrees i in” 
their whole extent, being calcified, partially occluded * 
or dilated. In the descending branch of.the left, just ' 
below . its onem, was a Tuptuzed aona 
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Is VVI pacing outmoded? 


Anthony W Nathan, D Wyn Davies 


Pacing is a common clinical procedure. ‘The 
permanent implant rate in the United King- 
dom is lower than in other Western countries. 
The last World Survey’ showed a new 
implant rate of 148 per million population per 
year (8346 systems) in the United Kingdom. 
This compares with 421 in Germany, 413 in 
France, 359 in the United States, and 175 in 
Spain. In the United Kingdom, the pacing 
mode was simple constant rate ventricular 
inhibited (VVIÝ in about 78%, despite the 
widespread availability of more physiological 
systems. This proportion has not changed 
significantly in more recent years. It is our 
view that the simple VVI mode is not 
appropriate in 1992 and that almost every 
patient would be better served by an alter- 
native mode, even though these other modes 
may take more time to implant and follow-up, 


-~ may cost more, and require some expertise, 


which may easily be acquired. 


Indications for permanent pacing 

The major indications for pacing for 
bradycardia are symptom relief and the 
improvement of prognosis. Symptoms of 
bradycardias include syncope (Adams-Stokes’ 
attacks), lesser degrees of disturbed con- 
sciousness, breathlessness, fatigue, and chest 
pain. Depending on the underlying pathology, 
other symptoms may be secondary to 
associated abnormal tachycardias or emboli. 
The prognosis is influenced by the underlying 
pathology. The major pathologies are sino- 
atrial disease (31% of United Kingdom 
implants) and atrioventricular conduction 
abnormalities (54%) as well as carotid sinus 
hypersensitivity. These entities may occur 
alone or in combination. Pacing may also be 
indicated for the termination of reentrant 
tachycardias but this is an uncommon indica- 
tion and is beyond the scope of this article. 


Pacing modes’ 

In 1958 the first permanent pacemaker was 
implanted into a human.’ This was an epicar- 
dial, ventricular fixed rate device. Since then 
pacemaker complexity has increased until 
endocardial pacing and sensing of the right 
atrium, right ventricle, or both are possible 
with programmable devices that can vary the 
pacing rate according to the patient’s needs. 


Simple ventricular demand pacemakers 
commit the patient to a constant pacing rate 
and are unresponsive to fluctuating metabolic 
needs. Atrioventricular synchrony is lost and 
retrograde atrioventricular conduction may 
occur producing unpleasant symptoms and 
deleterious haemodynamic effects (pacemaker 
syndrome).‘ Symptoms of the pacemaker syn- 
drome include breathlessness, weakness, diz- 
ziness, presyncope, pulsations in the neck and 
palpitation. Heldman et al randomised 40 
patients blindly to VVI or dual chamber pac- 
ing in a crossover study.” Pacemaker syn- 
drome was recognised in 83% of patients in 
the VVI mode and was moderate or severe in 
65% (intolerable in 42%). Atrial pacing alone 
may be useful in some patients with sinoatrial 
disease. 

To overcome problems associated with a 
constant pacing rate, more sophisticated 
pacemakers have been developed. One solu- 
tion has been to control the pacing rate accor- 
ding to one of a multitude of physiological 
variables (rate responsive pacing). These 
include variables such as the QT interval,’ 
respiratory rate,’ minute ventilation,® mixed 
venous temperature,’ or oxygen saturation,’ 
which reflect metabolic needs. Other sensors 
simply respond to varying levels of activity by 
detecting motion in different ways." All 
these systems have been shown to be clinically 
practical and useful, and implantation is 
usually identical to a standard single chamber 
system. There are problems with all of these 
systems, however; some of them may be 
specifically sensor related." Furthermore, 
patients with ventricular demand systems 
(VVIR) will also lose atrioventricular syn- 
chrony and may be subject to the pacemaker 
syndrome. In addition, some sensors are not 
ideal for atrial rate-responsive demand pacing 
(AAIR). 

Another method of obtaining rate response 
is to sense the natural atrial rate. This requires 
a dual chamber system. Originally these sys- 
tems could neither pace the atrium nor sense 
the ventricle (VAT mode). Then ventricular 
sensing was achieved (VDD mode), and now 
most dual chamber pacemakers are capable of 
operating in the “universal” DDD mode, 
which allows atrial synchronous ventricular 
pacing with additional demand atrial pacing 
and ventricular sensing. A more recent 
development has been the DDI mode which 


allows atrioventricular sequential pacing at a 
constant rate with both atrial and ventricular 
sensing but where ventricular pacing is not 
triggered by atrial sensing. The DVI mode, 
which has been superseded by DDI, was 
similar but without atrial sensing. 

Conventional dual chamber pacemakers 
overcome many problems by providing rate 
response, maintaining atrioventricular syn- 
chrony, and preventing the pacemaker syn- 
drome. Their value is limited when there is 
chronotropic incompetence or if there are per- 
sistent atrial arrhythmias. Problems specific to 
dual chamber pacemakers are related to 
implantation and to the increased complexity 
of the hardware. Two pacing leads are gen- 
erally required, although single pass leads 
have occasionally been used. Refinements such 
as the development of thin bipolar leads with 
various fixation mechanisms have circumven- 
ted problems related to both implantation and 
atrial sensing so that most centres find little 
additional difficulty with dual chamber com- 
pared with single chamber implants. Joseph et 
al,'° in a district general hospital, had a long- 
term success rate of 98% using modern atrial 
leads. Pacemaker mediated reentrant or “‘end- 
less loop” tachycardia is a problem exclusive 
to dual chamber pacemakers.” It occurs in 
some patients with retrograde conduction 
(from ventricle to atrium) through sensing of 
retrograde atrial activation, and is often at the 
upper rate limit of the pacemaker. However, 
modern pacemaker design has minimised this 
problem. 

To cope with patients with chronotropic 
incompetence, some dual chamber pacemak- 
ers are now available with a non-atrial sensor 
thus offering, for example, DDDR or DDIR 
pacing. These pacemakers also allow selection 
of the ventricular rate responsive mode if, for 
example, atrial fibrillation develops in a patient 
already being paced for atrioventricular block. 


Choice of pacemaker 

SINOATRIAL DISEASE 

Special considerations when pacing patients 
with sinoatrial disease include improving the 
overall prognosis, the prevention of atrial 
tachycardias, overcoming an increased risk of 
thromboembolic events, and the state of 
atrioventricular conduction (anterograde and 
retrograde). There are few data on overall 
mortality in this disorder, although Shaw et al 
described a survival rate similar to a matched 
control population.’ However, some of their 
patients had only mild sinoatrial abnormalities. 
Pacing did not seem to alter prognosis in this 
study, but most of the patients were paced only 
from the ventricle. 

Rosenqvist et al showed that in patients free 
from atrial fibrillation at the time of implant, 
47% of those paced from the ventricle (VVI) 
developed persistent atrial fibrillation com- 
pared with 6:7% (p < 0-0005) paced with 
atrial inhibited pacemakers (AAJ) over a four 
year follow up.? The VVI group had a higher 
incidence of congestive heart failure 37%) 
than the AAI group (15%, p < 0-005), and a 
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higher mortality (23% compared with 8%, 
p < 0:05). Several other studies have also 
shown the value of pacing the atrium in preven- 
ting atrial fibrillation.” ” The risk of systemic 
embolism probably influences the prognosis, 
and this is in turn linked to the development of 
supraventricular tachycardias, especially atrial 
fibrillation. Sutton and Kenny pooled data from 
several studies (853 patients) and showed a 
1-6% incidence of systemic emboli in AAI 
paced patients compared with 13% in VVI 
paced patients (p < 0-001).” Many patients 
with sinus node disease have intact retrograde 
atrioventricular conduction and are thus at risk 
from the pacemaker syndrome if paced from 
the ventricle alone.” For all of these reasons, 
pacing systems for patients with sinus node 
disease should at least incorporate an atrial 
lead. 

For single chamber pacing, the AAI mode . 
may be used. If there is significant chronotropic 
incompetence, a rate responsive system 
(AAIR) can be chosen,” although this imposes 
increased stress on atrioventricular conduc- 
tion. Although many sensors are suitable for 
AAIR pacing, the QT interval is an obvious 
exception; atrial temperature based sensor sys- 
tems can be unreliable, and even with activity 
based systems there have been problems. 

AAI or AAIR pacing is inappropriate for 
patients with sinoatrial disease together with 
impaired atrioventricular conduction at the 
time of diagnosis. In addition, some of the 
patients with normal conduction at the time of 
implant may develop impairment of atrioven- 
tricular conduction with time. Rosenqvist et al 
documented the development of high grade 
atrioventricular block in 4 of 89 patients (4-5%) 
paced from the atrium over a 4 year period.” 
Rosenqvist and Obel surveyed published 
reports and found 28 studies, relating to 1878 
patients followed for a median period of three 
years.” The median prevalence of development 
of significant atrioventricular block was 2-1%, 
an annual incidence of 0-6%. Thus there is a 
risk of developing significant atrioventricular 
block with time, but the risk is low. 

The development of chronic atrial fibrillation 
will render atrial pacemakers ineffective, but 
many patients will have adequate ventricular 
response rates. Some suggest that dual cham- 
ber pacing should be the rule in patients with 
sinoatrial disorders because of these limita- 
tions,” but this remains controversial. 

If dual chamber pacing is chosen in patients 
with sinoatrial disease, care must be taken to 
select the correct mode. The high incidence of 
retrograde conduction in these patients means 
that there is often an ideal substrate for 
pacemaker mediated “endless loop” tachycar- 
dias. These may complicate DDD pacing so 
that DDI pacing is often preferred. The advent 
of dual chamber, sensor responsive pacemakers 
has allowed DDDR or DDIR pacing in these 
patients, with DDIR being ideal for many. 


ATRIOVENTRICULAR BLOCK 

The prognosis of patients with atrioventricular 
block is radically improved by even the sim- 
plest form of ventricular pacing.” In certain 
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cases this can be further improved by more 
sophisticated pacing, but in almost all cases the 
quality of life can be enhanced by the correct 
choice of pacemaker.” 

The principal determinant of cardiac output 
in paced patients is the heart rate.” Patients 
with rate responsive pacemakers perform bet- 
ter during exercise than those with simple VVI 
devices, whether or not the increase in rate is 
achieved synchronously (VAT, VDD, or DDD 
pacemakers)?” or asynchronously (VVIR 
pacemakers).” * Pacemakers that provide only 
atrioventricular synchrony without atrial 
tracking (DVI or DDI modes) provide only a 
small increase in exercise performance. 

As comparable improvement is obtained 
with VVIR and dual chamber pacing, what 
governs the choice between them? Single 
chamber VVIR pacing is simple to implement 
and is the method of choice when chronic atrial 
arrhythmias are present, when an atrial lead 
would be ineffective. Dual chamber systems 
avoid the pacemaker syndrome, which is com- 
mon in VVI or VVIR modes, and if sinus node 
function is normal, use the best possible sen- 
sor—atrial rate. However, “endless loop” 
tachycardias are a very occasional nuisance. 
Initial programming is also simpler with DDD 
systems, because VVIR pacemakers require 
the correct relation between the sensor and 
exercise performance to be ascertained. 
Overall, the prognosis of patients with 
atrioventricular block has not been shown to be 


significantly improved by chosing dual cham- ` 


ber rather than ventricular pacing.” However, 
Alpert et al found improved one, three and five 
year survival in a subset of patients with 
congestive heart failure treated with DDD 
compared with VVI pacing.” Kenny et al also 
found particular benefit could be gained from 
treating patients with angina with dual cham- 
ber devices rather than ventricular systems, 
provided the upper rate was limited to 110 
beats per minute.” Rate responsive dual cham- 
ber pacemakers offer complete flexibility for 
patients with atrioventricular block who have 
additional chronotropic incompetence. 


CAROTID SINUS SYNDROME 

In these patients, sinus bradycardia or arrest is 
common, as is atrioventricular block. These 
aspects can easily be treated with pacing. The 
vasodepressor element is present to a greater or 
lesser degree in most patients, and may be 
exacerbated by ventricular pacing.” Intact 
retrograde conduction is common (80%),”" and 
therefore the pacemaker syndrome is likely 
with ventricular pacing. Hysteresis (a feature 
where the pacemaker has a faster pacing rate 


Recommended pacing modes (codes are defined in the text) 


Sino-atrial disease AAI/ ae 
Atrioventricular block DDD/DDDR* 
Sinoatrial disease + persistent atrioventricular block DDD/DDDR* 
Sinoatrial disease + occasional or threatened atrioventricular block DDIUDDIR* 
Atrioventricular block + chronic atrial arrhythmias VVI 

Carotid sinus syndrome DDI 


*If chronotropic incompetence is present. 
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than sensing rate) may reduce but not abolish 
these problems. Dual chamber pacing As 
preferred for these patients. Because the atrial 
rate response to exercise is usually normal and 
retrograde conduction is common, the DDI 
mode is usually recommended. 


Intermittent conduction abnormalities 
Some patients may have been shown to have 
only occasional conduction abnormalities and 
sporadic symptoms. Likewise some patients 
without proven high grade conduction defects 
may be paced, either because of symptoms, 
which may be infrequent, or in an effort to 
improve prognosis. Pacemakers implanted in 
these patients should have hysteresis selected. 
It is tempting to use VVI pacemakers in such 
patients whatever the suspected conduction 
abnormality, but this can be a grave mistake. It 
is usual for abnormalities that present as 
occasional to become more frequent with the 
passage of time. Furthermore, those paced 
speculatively for, perhaps occasional syncope 
caused by suspected intermittent atrioven- 
tricular block, may turn out to have the carotid 
sinus syndrome and while a simple VVI 
pacemaker may prevent syncope in the former 
case it is unlikely to do so consistently in the 
latter. ' 


Patient assessment 

Each patient needs to be carefully evaluated 
before implantation to decide what is the 
optimal pacemaker. As well as routine clinical 
assessment a careful electrocardiographic diag- 
nosis of the arrhythmias being treated is 
obviously necessary. Simple exercise testing 
may be necessary to determine whether or not 
the atria are capable of a satisfactory rate 
response. Ambulatory monitoring may be 
required in order to make a diagnosis, in order 
to examine rate response, and also to determine 
whether any tachycardias are present. Carotid 
sinus massage or tilt testing is occasionally 
useful, but electrophysiological testing is rarely 
necessary. 


Conclusions 
The correct pacing mode is usually determined 
by the site of the conduction abnormality and 
not by the underlying aetiology (table). Three 
simple rules should be adhered to when chos- 
ing the correct pacing mode: 

(1) The atrium should be sensed and paced 
unless contraindicated (chronic atrial arr- 
hythmias or rare anatomical considera- 
tions). 

(2) The ventricle should be paced if atrioven- 
tricular block is present or is likely to 
develop. 

(3) A rate responsive sensor should be added if 
there is chronotopic incompetence or if 
atrial activity is abnormal. =-~ 

Ideally, no patient should gecen constant 
rate VVI pacemaker. Generar hity may 
encourage one or mofe of these rules, 
broken, but if the ruléş aré broken ford 
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budgetary reasons, this should be acknowled- 
ged as being the case. Only by doing this will 
optimal pacing facilities develop, and those in 
training may then understand clinical decisions 
to implant less than ideal pacemakers. Alth- 
ough a pacing service has to be provided within 
a limited budget, any saving made by choosing 
a cheaper pacing mode has to be set against 
limitations in the patient’s quality and, in some 
cases, quantity of life. We, and many of our 
colleagues, do not always keep to our 
guidelines, but this is purely for fiscal reasons— 
it is important that we do not try to convince 
ourselves otherwise. When pacing practice is 
subjected to medical audit, the clinical outcome 
may be shown to outweigh any financial 
arguments. 
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Addendum 

Since the submission of this paper, a 
working party of the British Pacing and 
Electrophysiology Group have published 
Recommendations for pacemaker prescription 
for symptomatic bradycardia (Br Heart J 
1991;66:185—91). We agree with their recom- 
mendations and think that our point of view is 
fully compatible with their’s. 


Br Heart J 1992;67:289-96 
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Impact of converting enzyme inhibition on 
progression of chronic heart failure: results of the 
Munich Mild Heart Failure Trial 


Franz X Kleber, Lisa Niemdller, Wittich Doering 


Abstract 

Obsjectice—Neurohormonal activation 
has major impact on the patho- 
physiology of congestive heart failure. 
The Munich Mild Heart Failure Trial 
was designed to test the hypothesis that 
interference with the renin-angiotensin 
system by angiotensin converting 
enzyme inhibition favourably influences 
the natural history of heart failure. 

Design and pattents—170 patients, 
median New York Heart Association 
(NYHA) class I, were randomised to 
double blind treatment with 25 mg cap- 
topril twice a day or placebo in addition 
to standard treatment for a median 
observation period of 2-7 years. 


Main outcome measures—Progression . 


of heart failure to NYHA class IV on an 
optimally adjusted standard treatment, 
death due to progressive heart failure, 
and sudden death. 

Results—Heart failure progressed to 
class IV in nine patients (10°8%) treated 
with captopril and in 23 patients (26°4%) 
treated with placebo (p = 0-01). The 
mean survival time until this end point 
was 223 days longer in the captopril 
group (Kaplan-Meier life table analysis; 
p = 0:02). Also, progressive deteriora- 
tion to severe heart failure was a power- 
ful predictor of total mortality and 
death from heart failure; 80% of deaths 
due to progressive heart failure occurred 
after this end point. There were fewer 


-deaths caused by progressive heart 


failure in the captopril group than in the 
placebo group (4 v 11; p = 0-10) but 
similar numbers of sudden deaths (11 v 
10). Progressive heart failure was the 
cause of death in 18:2% of all deaths in 
the captopril group and 50% in the 
placebo group. Total heart failure events 
(the end point on which power calcula- 
tion was based) were also more common 
in the placebo group (19 v 32 events) but 
not significantly so. Total mortality was 
similar to both groups (22 of 83 v 22- of 
87). 

Conclusions—Angiotensin converting 
enzyme inhibition in conjunction with 
standard therapy early in the course of 
congestive heart failure slowed the 
progress of heart failure and thus 
favourably altered the natural history of 
the disease. 


Chronic heart failure is a major cause of 
morbidity and admission to hospital and has a 
poor prognosis. Its therapeutic management 
has two goals: amelioration of symptoms 
(including improvement in functional 
capacity) and improvement of prognosis 
(including influence on progression of conges~ 
tive heart failure and occurrence of sudden 
death). Symptoms can be improved by 
various treatments.” Knowledge about 
improvement of prognosis is limited to a few 
drugs, especially the combination hydralazine 
and isosorbide dinitrate* and converting 
enzyme inhibitors.** Factors that have been 
shown to be associated with unfavourable 
prognosis in congestive heart failure include 
an increase in left ventricular volume,” ë a low 
ejection fraction,’ high filling pressures,'° low 
exercise capacity,’’’ increased activity of the 
renin angiotensin system,” and the sympath- 
etic nervous system” as well as low serum 
sodium concentration’ and an increased 
concentration of atrial natriuretic peptide.”® A 
favourable modification of these variables is 
therefore a major goal of treatment in conges- 
tive heart failure that should accompany sym- 
ptomatic improvement.” ® 

In the present trial we aimed to improve 
outcome by influencing the progression of 
congestive heart failure by adding captopril to 
the treatment regimen. We studied patients 
with mild (minimal to moderate) symptoms 
and used progression of congestive heart 
failure to NYHA class IV or death from heart 
failure as end points. 


Patients and methods 

STUDY DESIGN . 

This was a randomised, double blind, placebo 
controlled, parallel group, single centre trial in 
patients with congestive heart failure New 
York Heart Association (NYHA) functional 
class I—III on standard treatment. To avoid 
imbalance we randomly assigned patients to 
treatment with captopril or placebo within four 
groups defined by the duration of congestive 
heart failure at entry according to the criteria 
given below (group 1 up to four weeks, group 2 
four weeks to one year, group 3 one year to 
three years, group 4 over three years). The 
progress of the study was followed by an 
independent advisory committee (see appendix 
J) and the hospital ethics committee also moni- 
tored questions of ethical relevance. 
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PATIENTS tablet count. At each visit, medication for 
We studied patients (minimum age 18 years) another three months was given to the patient. 
with congestive heart failure NYHA functional A detailed evaluation of follow up symptoms 
class I, II, or III at entry into the trial. Patients and laboratory results will be presented else- 
in NYHA functional class IV were excluded. where. 

No drugs were stopped before entry. Treat- 

ment for heart failure with any drug other than 


conver einhibitors wasallowed. TEST MEDICATION, CONCOMITANT MEDICATION, 


AND GENERAL MEASURES 

DIAGNOSIS OF CONGESTIVE HEART FAILURE Captopril and placebo were administered in 
The diagnosis of congestive heart failure was “CTC@808 doses (from 6'25 mg to 25 mg twice 
based on history; thorough clinical examina- © day). When no side effects occurred the 
tion by a cardiologist (usually FR); and eae ie bias aes three days. The 
laboratory work up, chest ‘x ray’, electrocar- Sa ee ee o wien serum creat- 


: 5 : 
disgraphycchocar diogtaphy when technically sae was a pmol/l and 25% when it was 
feasible, and either radionuclide ventriculo- P a ne edan wanded 
grap hy or TORENT angi ae phy with Pa continued according to therapeutic need. No 
tricular cineangiography as c y ; l 

appropriate. We excluded patients with fhe concomitant medication. Ifa patients 
underlying cardiac diseases o own cause. yom i aaa 

Diagnosis of congestive heart failure was also p hysician PES araa PARA OENE 
confirmed by the presence of the modified PS8 sane hana — aaa Sa ines 


ie: we reviewed the patient to see whether heart 
a eee ne a that served as entrance failure had become severe (the second end 


point). 
KTR Before entry all patients were advised about a 
Our some ee slightly modified moderately salt-restricted diet, weight reduc- 


version of those of McKee et al (Framing! tion if necessary, appropriate rest periods, and 


i ae restricted physical activity. We gave our 
2a EE oo a N ir p patients detailed information about the patho- 


domisation in patients who had been saved by physiology of their disease and its potential 
poate ar hence ae sequelae. Psychological reassurance at entry 
and at each visit was mandatory and a telephone 
in service staffed by a cardiologist was provided 
for all patients and family physicians with 
urgent problems or questions. 


BASELINE EXAMINATION AND FOLLOW UP 
EXAMINATIONS 

Baseline examination included cardiac and 
general history, physical examination, and 
laboratory and technical work up. Follow up END POINTS 

examination included the history taken at Two end points were pre-defined in the study 
regular three-monthly hospital visits. In the protocol, both end points together were used to 
case of clinical events additional interim calculate the sample size (see Statistical 
examinations were performed by the inves- Analysis): death due to heart failure, with 
tigator. At the regular three monthly visits a subclassification into sudden death (definition 
standardised questionnaire about cardiac com- see below) and death due to progressive heart 
plaints was filled in by the investigators together failure (definition see below); deterioration of 
with the patient. Compliance was checked bya heart failure to severe heart failure (NYHA 


Table 1 Entrance criteria and exclusion criteria 


Entrance criteria 
Major Minor Exclusion criteria 
Paroxysmal dyspnoea or orthopnoea Ankle oedema Heart failure NYHA Class IV at entry 
Neck vein distension Night cough Malignancies or other diseases that greatly affected 
life expectancy 
Rales (more than 10 cm from the base of the Dyspnoea on exertion Haemodialysis or peritoneal dialysis for chronic 
lungs) renal failure 
Cardiomegaly on chest x ray Hepatomegely Connective tissue diseases 
Echocardiographic left ventricular end diastolic Pleural effusion Concomitant immunosuppressive therapy 
more than 60 mum or left ventricular end Known renal artery stenosis 
systolic diameter 
more than 45 mm Gestation and lactation 
Acute pulmonary oedema Tachycardia of at least 120 beats/min Significant aortic stenosis 
S, gallop Weight loss of 4-5 kg after introduction of Significant mitral stenosis 
treatment for congestive heart failure where 
factors other than treatment for congestive heart 
failure could have contributed to the weight loss 
Venous pressure > 16 cm H,O Myocardial infarction within three weeks 
Weight loss of 4-5 kg or more due to introduction Systolic blood pressure < 95 mm Hg 
of treatment for congestive heart failure 


Uncontrolled hypertension 





Two major or one major and two minor criteria had to be fulfilled. 


Munich Mild Heart Failure Trial (MHFT) 


Table2 Severity of congestive heart failure at entry 


Presence of major entrance criteria (%) (mean (SD)) 
Presence of minor entrance criteria (%) (mean (SD)) 
NYHA functional class (% of patients): 

I 


H 
HI 
Cardiothoracic ratio (%) (mean (SD)) 
M mode echocardiographic diameter (mm) (mean (SD)): 
Diastolic 
Systolic 
Left ventricular ejection fraction* 
Diuretic scoret 
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Captopril Placebo P 
45-8 (21-6) 49-3 (19-2) NS 
33-0 (18-6) 34-9 (20-6) NS 
Zl 25 
52 > 1-94 (0-69) 48 +2 01 (0-72) NS 
21 26 
53-6 (5-4) 54-5 (6-8) NS 
60-9 (6-7) 63:5 (7-0 0-027 
47-9 (9-4) 49-6 9-09 NS 
35-0 A l 34-6 (13:9) NS 
3-2 (3:9) 3:6 (4-1) NS 


pe eee Ra 


*By contrast angiography or radionuclide ventriculography. 


tScore represents 13-33 mg frusemide or 25 mg hydrochlorothiazide. 


functional class IV) despite optimal adjusted 
concomitant treatment (definition see below). 

Before we broke the code all end points were 
defined and all deaths classified. Sudden death 
was defined as witnessed unexpected death 
within an hour of the onset of symptoms, and 
not occurring in a patient with NYHA class IV 
heart failure.” Death in progressive heart 
failure was defined as death in cardiogenic 
shock or pulmonary oedema after a period of 
severe heart failure. The second end point 
(deterioration to class IV on optimal con- 
comitant treatment) was defined by the follow- 
ing criteria: congestive heart failure NYHA 
class IV with symptoms at rest or on minimal 
exertion in the absence of concomitant 
problems leading to deterioration (for example, 
upper or lower airway infections, suboptimal 
rate control in atrial fibrillation, bradycardia, 
ventricular extrasystoles compromising pump 
function). These severe symptoms had to per- 
sist despite optimal adjustments of con- 
comitant treatment and recompensation with 
digitalis, diuretics, nitrates (and hydralazine if 
appropriate) in suitable doses had to be unsuc- 
cessful. A transient deterioration into class IV 
heart failure that was easily recompensated by 
standard measures was not accepted as a suf- 
ficient end point. 

When the end point of class IV heart failure 
was reached, treatment with captopril (25 mg- 
50 mg twice a day) was started and mortality 
follow up was continued (intention to treat). 
Unwitnessed deaths, other cardiac, cardiovas- 
cular, or non-cardiovascular deaths were not 
categorised. All deaths were reported to the 
independent advisory committee and all in- 
stances of deterioration were verified indepen- 
dently by an end point review board at the 
request of the advisory committee. 


STATISTICS AND SAMPLE SIZE CALCULATION 
The results of the Framingham Study, which 
showed a 37-5% 2:5 year mortality in patients 
with the first clinical signs of heart failure, led us 
to expect at least 37-5% heart failure deaths 
and/or deteriorations to NYHA class IV. We 
planned to detect a reduction of these events by 
treatment of 20%—17:5%. The sample size was 
calculated with an overall type I error rate 
(alpha) of 0-05 and type II error rate (beta) of 
0-20 (Fisher’s exact test, two tailed). Under 
these specified conditions the calculated sample 
size was 170 patients. 

To avoid imbalances in the outlook for the 


two treatment groups randomisation was 
stratified by duration of heart failure before the 
trial. Therefore randomisation was performed 
in four strata of 100 treatment allocations. 
Patients were allocated to the next treatment in 
the stratum depending on their duration of 
heart failure. 

To compare the results in the two treatment 
groups we used the same statistical method as 
we used to calculate sample size (Fisher’s exact 
test, two tailed). The overall type I error rate 
for the comparison of treatment effects on the 
primary end point (heart failure death and/or 
progression of heart failure) was fixed at alpha 
= 0-05. 

In addition, we analysed both constituents of 
the primary end point separately. For this 
comparison an adjusted alpha type I error rate 
of alpha = 0-025 was deemed to be significant. 
The power of a significant test result was 
calculated on the basis of the appropriate type I 
error rate. 

The confirmatory comparison of the treat- 
ment results was performed according to the 
intention-to-treat approach. In addition to 
comparisons of crude mortality rates by 
Fisher’s exact test, Kaplan-Meier life table 
analyses were performed and tested by the 
generalised Wilcoxon test. 


INFORMED CONSENT 

Patients were asked to participate at least one 
day before randomisation after they were given 
detailed written information. Informed con- 
sent was obtained from each patient. 


Results 
DEMOGRAPHIC DATA 
One hundred and seventy patients (128 male 


Table 3 Premature treatment withdrawals 





Reason Captopril (n) Placebo (n) 
Compliance 12 8 
Hypotension 6 3 
Taste dis I 1 
Cough 1 0 
Palpitation 1 0 
Hypertension* I 1 
Non-cardiac discasest 2 0 





*Because it was impossible to control blood pressure with 
drugs other then angiotensin converting enzyme inhibitors— 
that is the other antihypertensive drugs were ineffective or had 
major side effects. 

}Disabling rheumatoid arthritis and severe gastric ulcer in one 
patient and stroke and inability to swallow in one patient. 
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Table4 Heart failure events 


ii ne 





End point Captopril| placebo p (Fisher’s exact test) 
NYHA IV deteriorati 
Totaldeats S is eee 
Heart failure deaths: 
Sudden death 11/10 NS 
Pump failure death 4/11 0-104 
All heart failure events 19/32 0-065 
Non-heart failure deaths: 
Reinfarctions 3/0 = 
Stroke 1/1 — 
Malignancy 1/0 = 
Respiratory failure 1/0 — 
Pulmonary embolism 1/0 = 
*Power = 57% (a = 0-025). 
and 42 female; mean age 62:4) entered the study 
between February 1985 and October 1989. 
Patients were randomised to captopril (n = 83) 
or placebo (n = 87). Most were randomised 
within group 2 (n = 109; see study design). 
Patients were followed up for a median of 2-7 
years. 
AETIOLOGY AND SEVERITY OF CONGESTIVE HEART 
. FAILURE 
Coronary artery disease was the leading cause 
of congestive heart failure, with prior myocar- 
dial infarction in 69% (coronary artery disease 
was the sole reason for congestive heart failure 
in 58%). Hypertensive heart disease was 
present in 12% and dilated cardiomyopathy in 
20%. Congestive heart failure of other origin 
was found in 6% of patients. There was atrial 
fibrillation in 14:7% (25/170) of patients. The 
percentage of patients with atrial fibrillation 
was similar in patients in whom progressive 
heart failure developed (5/32 = 15°6%) or who 
died later (6/44 = 13-6%). Table 2 shows the 
severity of congestive heart failure. Most 
patients had mild symptoms while they were 
being treated though many had a history of 
more severe symptoms earlier. NYHA func- 
tional classes were evenly distributed among 
both groups with 72% of patients being in 
either NYHA class I or II. Left ventricular size 
1-00 
0-96 M 
0-80 wT, oo l 
0-70 aiae eee q 
0-60 
0-60 
0-40 
0-30 
Captopril 
0-20 age eps Placabo 
0-10 
0-00 
0 180 360 540 720 900 1080 1260 
Days 


Figure 1 Survival time analysis (Kaplan-Meier ) for the end point “progression of 
heart failure to NYHA class IV on optimal adjusted therapy”. 
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and function were well outside the normal 
range, and the cardiothoracic ratio on the chest 
x ray was increased. Both groups were very 
similar except for one echocardiographic vari- 
able (table 2). 


CONCOMITANT MEDICATION AT ENTRY 

At entry 78:8% of patients were being treated 
with diuretic drugs: 42-4% on frusemide (mean 
dose 81 mg), 27-1% on hydrochlorothiazide 
(mean dose 35mg), and 93% on other 
diuretics. At entry, 59% of the patients were 
taking digitalis treatment (usually digoxin), 
59% nitrates, 23% B blockers, 23% antiarr- 
hythmic drugs, and 23% calcium antagonists 
(usually verapamil) for rate control of atrial 
fibrillation. All concomitant therapy was evenly 
distributed at entry in both groups except that 
nitrates tended to be used more often in the 
captopril group at entry (59 v 41 patients; p = 
0-03). 


PREMATURE WITHDRAWALS OVER THE TOTAL 
STUDY PERIOD 

A few patients had to be withdrawn from 
randomised therapy because of side effects, 
concomitant diseases, or lack of compliance 
(table 3). Follow up of all patients who were 
withdrawn from the study was continued for 
evaluation of end points (intention to treat 
analysis). 


DEATHS 

‘Twenty four (25-9%) patients died, 22 patients 
in each group, and 81:8% of deaths were due to 
heart failure: 34-1% to progressive heart failure 
and 47-7% to sudden death. Other cardiovas- 
cular death occurred in 13-6% and non- 
cardiovascular death accounted for 4:5% of all 
deaths. Table 4 shows the distribution of 
deaths and other events within the two treat- 
ment groups. There was a difference between 
the groups in death from progressive heart 
failure but not in sudden death. Half the deaths 
in the placebo group were due to progressive 
heart failure but only 18:2% of those in the 
captopril group. Most non-sudden deaths 
occurred in hospital and most sudden deaths 
occurred outside the hospital. 









a 


WZ 








n= 23 n= 23 n = 22 n= 18 
Pred n> 
NYHA } if H i ji H 
Placebo Captopri! 
ZA oihan 
of heart 
ZA. 


Figure 2 Contribution of patients tn different stages of 
heart failure (according to NYHA functional class at 

entry) to the group of patients with progression of heart 
Failore (shaded bars) in the placebo and the captopril 
treated group. 
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Figure 3 Survival time analysis (Kaplan-Meier ) for all heart failure events including 


death due to progressive heart failure, sudden death 


NYHA class IV. 


, and progression of heart failure to 


PROGRESSION OF HEART FAILURE TO NYHA CLASS 
IV 

Nearly a fifth (18-8%) of patients experienced 
severe deterioration to class IV congestive 
heart failure (end point 2; see methods)— 
nine patients in the captopril group and 23 
patients in the placebo group (p = 0-011; 
power = 0-57; for survival curve see fig 1). 
Seventeen of these 32 patients died at various 
times after deterioration (captopril n = 5, 
placebo n = 12) while 15 were alive at the end 
of the study (captopril n = 4, placebon = 11). 
The mean survival time without deterioration 
to class IV was increased by 223 days in the 
captopril group (p = 0:019). The risk of 
progression of heart failure continued to be 
higher on placebo even beyond the observation 
period of one year (fig 1). 

Progression of heart failure to class IV was a 
powerful predictor of death: 53% of these 
patients died later compared with 20% of those 
who did not deteriorate. It was also a predictor 
of mode of death; 80% of progressive heart 
failure deaths but only 24% of sudden deaths 
occurred after deterioration. 

Figure 2 shows that the likelihood of 
progressive heart failure was higher in patients 
in NYHA class III but that the therapeutic 
efficacy of captopril was better in NYHA class 
I/II. 

Death due to heart failure or progression of 
heart failure to NYHA class IV occurred in 19 
patients in the captopril group and 32 in the 
placebo group (p = 0:065). Figure 3 shows the 
survival curve for the combination of both end 
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points. The mean event-free survival time in 
this analysis was prolonged by 292 days (life 
table p level = 0:071). Table 5 gives the 
cumulative event rate for both end points after 
a year and at the end of the study. 


Discussion 

DEMOGRAPHIC DATA 

This study followed 170 patients for a median 
observation period of 2-7 years (three months 
to five years). The main question of the trial was 
whether addition of angiotensin converting 
enzyme inhibitors to standard treatment might 
favourably influence the prognosis of conges- 
tive heart failure. Progression of heart failure to 
refractory NYHA class IV or death due to heart 
failure were defined. Patients in both groups 
were similar with respect to age, observation 
period, heart and left ventricular size, and 
NYHA class, as well as concomitant treatment. 


PROGNOSTIC CRITERIA 

When this trial was designed in 1984 an end 
point in addition to death was planned for two 
reasons: by 1984 symptoms of severe heart 
failure had already been shown to be improved 
by angiotensin converting enzyme inhibition in 
several trials? ® and we thought that for this 
reason angiotensin converting enzyme 
inhibitor treatment should not be withheld 
from these patients. This point of view was 
confirmed by the results of the CONSENSUS 
trial’ and made a later protocol amendment for 
ethical reasons unnecessary. Though not 
good,” prognosis in mild congestive heart 
failure 1s much better than in severe congestive 
heart failure,°* and the transition of mild 
forms to the most severe forms had to be 
recognised as a prognostically important 
deterioration. 

The introduction of additional end points 
can reduce sample size, but additional end 
points are less reliable indicators of extended 
life expectancy than death itself. However, 
there are several well recognised determinants 
of poor prognosis in congestive heart failure,” 
that have been proposed for prognostic studies 
and are being used as additional end points in 
ongoing trials (SAVE trial, M Pfeffer, personal 
communication). We used NYHA class IV 
heart failure as an additional end point. NYHA 
class IV heart failure is defined more 
unequivocally and  inter-observer dis- 
agreement does not occur as often as with the 
other grades of severity. To define NYHA class 
IV even more strictly we added the term 
“under optimal adjusted concomitant 
therapy.” 

The introduction of a second end point into a 
prognosis trial, however, implies that death 


Table 5 Cumulative event rate (%) (Kaplan-Meier analysis) at one year of follow up and at the end of the study 





One 


year End of study 





Observed end point Captopril] placebo Captopril] placebo p (hfe table) 
Progression of heart failure to NYHA IV under 

optimal adjusted concomitant therapy 101 23-0 12-2 30-3 0:0108 
Death 164 4-6 37-8 39-8 NS 
Heart failure, death, or NYHA IV 19-0 28-4 31-3 42-1 0-0712 


PT te SSS On SSS VHP SSSA RASS A AAA Aa 
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after the first end point (after deterioration to 
NYHA class IV) regularly occurs after the start 
of active treatment (that is, with an angiotensin 
converting enzyme inhibitor). Thus analysis on 
the basis of intention to treat might be 
appropriate for the first end point only. 


END POINTS 

Mortality 

In the placebo group one year mortality was 
15%, two year mortality 19%, three year 
mortality 25% and five year mortality was 40%. 
These data show a lower mortality than in the 
Framingham study, which is in part explained 
by the introduction of angiotensin converting 
enzyme inhibitor treatment after the 
occurrence of the end point of NYHA class IV 
heart failure (see below). 

Overall mortality was not different in our two 
treatment groups. There are several explana- 
tions for this: patients reaching the second end 
point (deterioration to NYHA class IV) were 
regularly switched to active treatment. Treat- 
ment with angiotensin converting enzyme 
inhibitor therapy in class IV heart failure has 
been shown to reduce mortality’ and this would 
obscure the effects on mortality in our trial. 
Patients with congestive heart failure are 
threatened by two major causes of death: 
sudden death and death due to progressive 
heart failure. Sudden death in our trial was not 
influenced by captopril (see below) and it was 
the major mode of death (see below). 

The calculated sample size in this trial (170 
patients) was based on heart failure events 
including deteriorations and deaths due to 
heart failure. This study does not have enough 
power to demonstrate effects on mortality alone 
or mortality due to specific causes (for example, 
sudden death). 


Sudden death 

Angiotensin converting enzyme inhibitors 
might decrease the likelihood of sudden death 
by improving left ventricular function, by 
decreasing filling pressures and peripheral vas- 
cular resistance, by avoiding potassium and 
magnesium deficits, and by the effects on reper- 
fusion arrhythmias (shown experimentally).” 
In our trial, however, we found that captopril 
did not affect sudden death. Eleven sudden 
deaths occurred in the captopril group and 10 
in the placebo group. This lack of difference on 
sudden cardiac death could be attributed to the 
low dose of captopril we administered. Trials 
that showed a significant reduction in ven- 
tricular extrasystoles by angiotensin convert- 
ing enzyme inhibitor treatment” used higher 
doses. However, serum potassium concentra- 
tions increased significantly in the captopril 
group but not in the placebo group, and the 
increase in noradrenaline with increasing 
severity of congestive heart failure was blunted 
in patients treated with captopril (unpublished 
data). These observations support the sugges- 
tion that the dose of 25 mg twice a day is an 
effective dose. Thus our trial suggests that the 
potential of angiotensin converting enzyme 
inhibitors to prevent sudden cardiac death 
might have been overestimated. The results of 
the CONSENSUS trial’ accord with this. 
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Death due to progressive heart failure 

Death due to progressive heart failure occurred 
more often in the placebo group than in the 
captopril group (4 v 11 patients). This dif- 
ference was not significant (p = 0-10); 
however, the subset of patients studied was 
small. 


Progression of heart failure to NYHA Class IV 
Severe worsening of heart failure was 
considerably suppressed by captopril treat- 
ment. Deterioration to NYHA class IV has 
prognostic relevance,’°*” and avoidance of 
decompensation by non-pharmacological 
means has been shown to improve outcome.” 
The introduction of active treatment at this 
point, however, obscured the influence on mor- 
tality. Nevertheless, captopril significantly 
prevented both symptomatic deterioration and 
life-threatening progression of disease. 

Furthermore, progression to class IV heart 
failure was a powerful predictor of outcome. 
Mortality in this subset was 2-5 times higher 
than in the remaining patients. Deterioration to 
class IV was also most predictive for death in 
progressive heart failure, whereas it was not a 
good predictor of sudden death. Only five of the 
21 patients who died suddenly died after 
deterioration of heart failure. Overall this sug- 
gests that our definition of deterioration of heart 
failure to class IV on optimal adjusted con- 
comitant treatment can serve as a surrogate for 
death from progressive heart failure and 
obviously reflects progression of heart failure. 

Captopril was more effective in preventing 
the progression of heart failure in patients with 
NYHA class I or II at entry than in patients 
with NYHA class III. About half the patients 
in whom the disease progressed had heart 
failure in NYHA class III at entry (fig 2). 

Possibly because many patients reached end 
point 2 (almost as many as reached end point 1) 
a considerable number of patients died after 
active treatment was started. This was 2:5 
times more common in the placebo group than 
in the captopril group. This reduced the dif- 
ference between the two groups so that the 
difference in the combined end points was not 
significantly different (life table p = 0-071, 
Fisher’s exact test p = 0-065). 

Progression of heart failure is associated with 
progressive left ventricular dilatation,®* which 
in turn is associated with outcome.'*?!# 
Though several experimental” ™ and clin- 
ical * trials showed that angiotensin convert- 
ing enzyme inhibition had a beneficial effect on 
progressive left ventricular dilatation after 
myocardial infarction our trial does not estab- 
lish or confirm the hypothesis that progression 
of heart failure is necessarily due to progressive 
pump dysfunction or left ventricular dilatation. 
It does, however, show that progressive heart 
failure is a predictor of poor outcome and that 
progression of heart failure can be influenced 
favourably by angiotensin converting enzyme 
inhibition. Thus earlier treatment of conges- 
tive failure with converting enzyme inhibitors 
offers therapeutic benefits over and above the 
standard treatment of refractory congestive 
heart failure. 
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LIMITATIONS OF THIS TRIAL 

This trial aimed to improve outcome in heart 
failure (reduction of deaths due to heart failure 
and slowing of progression of heart failure). 
The study design and sample size prevented 
our investigating the hypothesis that angioten- 
sin converting enzyme inhibitors improve 
survival longevity whatever the cause of death. 
Furthermore, part of the crucial difference 
occurred in an end point that might be viewed 
as less reliable than death. However, the dif- 
ference in death due to progressive heart failure 
(11/87 v 4/83) and in deterioration to class IV 
heart failure (23/87 v 9/83) was considerable 
and was the reason why the advisory committee 
discouraged a double blind extension of this 
study. Deterioration to class IV is not an ideal 
index of progression of heart failure. However, 
progressive symptoms despite optimal con- 
comitant therapy characterise the relentless 
deteriorating course of congestive heart failure 
and therapeutic strategies designed to avoid 
decompensations of congestive heart failure 
have been shown to improve considerably 
prognosis in an open trial.” 

Our study did not aim to demonstrate 
improvement in exercise capacity, because 
several randomised controlled studies have 
already consistently shown a positive effect of 
angiotensin converting enzyme inhibition on 
exercise capacity.” Meanwhile, however, 
exercise time has been shown to be an indepen- 
dent predictor of mortality,’ which strengthens 
the interest in exercise capacity. This study is 
limited because exercise time and maximal 
oxygen consumption were not measured. It is 
unlikely that improvement in exercise capacity 
is a measure of symptomatic benefit or of 
prognostic relevance in patients in NYHA class 
I and II (that is 72% of our patients) because 
these patients are largely symptomfree in 
everyday life. 

We studied patients in NYHA functional 
classes I, II, and III, which introduced some 
heterogeneity into the population under inves- 
tigation. The entrance criteria did not include 
NYHA class, but were derived from the 
Framingham criteria and the inclusion of 
patients with dissimilar severity gave the 
opportunity to study treatment efficacy in 
various subgroups. The mean and median 
NYHA class II and the relatively low one year 
mortality rate (15%) are typical of a population 
with fairly mild heart failure, though patients 
with moderate heart failure were definitely 
included as well. 

The results of the CONSENSUS trial and 
the present study make it unlikely that treat- 
ment with converting enzyme inhibitor influ- 
ences sudden death. Neither had enough 
power, however, to demonstrate a lack of 
influence on sudden death alone, rather than 
progressive heart failure. It might be more 
appropriate and more ethical to study patients 
with left ventricular dysfunction without overt 
heart failure to further investigate this ques- 
tion. 

This trial was performed at one hospital. 
Though bias in the assignment of end points is 
not possible in a double blind trial, personal 
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errors have more effect than in a multicentre 
trial. However, the critical end point 
“deterioration to NYHA class IV”? was re- 
evaluated by an independent review board. A 
monocentre trial ig more likely to be consistent 
in terms of evaluation methods and diagnostic 
criteria. 

We conclude that angiotensin converting 
enzyme inhibitor treatment in conjunction 
with standard treatment slows the progress of 
congestive heart failure and thus is able to 
improve prognosis, though it does not reduce 
the risk of sudden cardiac death. Because of the 
design of our study we do not know whether 
overall mortality is influenced by these drugs in 
mild congestive heart failure. Three trials are 
underway to answer this question: the V- 
HeFT II, the SOLVD, and the SAVE trial. 
Our results indicate that angiotensin convert- 
ing enzyme inhibitor treatment should be con- 
sidered for any patient who requires medical 
treatment for symptomatic congestive heart 
failure. 


We thank the members of the advisory committee (see appendix 
I) and the review board (see appendix IT) as well as the former 
chief of the division, Dr sate König, for apie a apron: 
We also greatly appreciate the cooperation of the other m 
divisions at our institution and also their physicians in chief, Dr 
Helmut Mehnert, Dr Horst Kuhlmann, Dr Werner Kaboth, Dr 
Dieter Eichenlaub; the organisational assistance of Mrs Evel 
Hitzke; and the secretarial expertise of Ms Patricia Hodges. 
thank the nurses and technicians of the Krankenhaus München- 
Schwabing for their support and for sharing in our enthusiasm. 


This study was i ria ppt et nl by a grant from the Squibb- 
von Heyden Gmb 


1 The Captopril-Digoxin Multicenter Research Group. Com- 
parative effects of therapy with captopril and digoxin in 
patients with mild to moderate heart failure. JAMA 
19883259:539-44. 

2 DiBianco R, Shabatai R, Kostik W, Moran J, Schiant T, 
Wright R, for the Milrinone Multicentre Trial Group. A 
comparison of oral milrinone, digoxin, and their combina- 
tion in the treatment of patients with chronic heart failure. 
N Engl J Med 1989;320:677-83. 

3 Bayliss J, Norell M, Canepa~Anson R, Sutton G, Poole- 
Wilson P. Untreated heart failure: clinical and neuro- 
endocrine effects of introducing diuretics. Br Heart J 
1987;87:17-22. 

4 Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston 
WE, Tristani FE, et al. Effect of vasodilator therapy on 
mortality in chronic congestive heart failure. Results of a 
Veterans Administration cooperative study. N Engl J Med 
1986;314:1547~52. 

5 The CONSENSUS Trial Study Group. Effects of enalapril 

on mortality in severe congestive heart failure. N Engl J 
Med 1987;316:1429-35. 

6 Newmann TJ, Maskin CS, Dennick IG, Meyer JH, Hallows 

BG, Cooper WH. Effects of captopril on survival in 
ients with heart failure. Am J Med 1988; 
84(supp! A):140-4. 

7 Jeremy RW, Alimann KC, Bautowich G, Harris PJ. Patterns 
of left ventricular dilatation during the six months after 
myocardial infarction. J Am Coll Cardiol 1989;13:304-10. 

8 Hammermeister KE, DeRouen TA, Dodge HT. Variables 
predictive of survival in patients with coronary disease; 
Selection by univariate and multivariate analyses from the 
clinical clectrocardiographic, exercise, arteri hic, and 

itative angiographic evaluations. Circulation 
19793;59:421-30. 

9 Cohn JN, Archibald DG, Francis GS, Ziesche S, Franciosa 
JA, Harston WE, et al. Veterans Administration 
cooperative study of vasodilator therapy of heart failure: 
influence of pre~randomization variables on the reduction 
of mortality by treatment with hydralazine and isosorbide 
dinitrate. Circulation 1987;75(suppl ['V):49-54. 

10 Franciosa JA. Why patients with heart failure die: hemo- 
dynamic and functional determinants of survival, Circula- 
tion 1987;75(supp! I'V):20-7. 

A, Deedwania P, Cody R, Massie B, Packer M, 
Pitt B, et al, for the topril-Digoxin Study Group. 
Predictors of total mortality and sudden death in mild to 
moderate heart failure. J Am Coll Cardiol 1989;14:564-70, 

12 Rockman HA, Juneau C, Chatterjee K, Rouleau JR. Long- 
term predictors of sudden and low output death in chronic 
congestive heart failure secondary to coronary artery 
disease. A J Cardiol 1989;164:1344-8. 

13 Cohn JN, Levine B, Olivari MT, Garberg V, Lura D, 
Francis GS, et al. Plasma norepinephrine as a guide to 


296 


osis in patients with chronic congestive heart failure. 
1J Mad 1984;311:891-923. 


“14 Lee WH, Packer M. Prognostic importance of serum sodium 


concentrations and its modification by converting-enzyme 
inhibition in patients with severe chronic heart failure. 
Circulation 1986;73:257-67. 

15 Packer M, Medina N, Yushak M. Correction of dilutional 

hyponatremia in severe chronic heart failure by convert- 
-enzyme inhibition. Ann Intern Med 1984;100:782-9, 

16 Gottlieb SS, Kukin ML, Ahern D, Packer M. Prognostic 
importance of atrial natriuretic peptide in patients with 
chronic heart failure. J Am Coll Cardiol 1989;13:1534~9. 

17 ACE inhibitors after myocardial infarction. Lancet 
19895: 1133-4. 

18 Kleber FX. ACE Inhibitors after myocardial infarction. 
Lancet 199031:295, 984. 

19 McKee PA, Castell WP, McNamara PM, Kannel WB. The 
natural history of congestive heart failure: the Framing- 
ham study. N Engl J Med 1971;285:1441-6. 

20 Hinkle LE Jr, Tzvi Thaler H. Clinical classification of 
cardiac deaths. Circadation 1982;65:457—64. 

21 Captopril Multicenter Research Group. A placebo-con- 
trolled trial of captopril in refractory chronic congestive 
heart failure. J Am Coll Cardiol 1983:2: 755-63. 

22 Cleland JGF, Dargie HJ, Hodsman GP, Ball SG, Robertson 
JIS, Morton JJ, et al. Captopril in heart failure: a double 
blind controlled trial. Br Heart J 1984;52:530-5. 

23 Kramer BL, Massie BM, Topic N. Controlled trial of 
captopril in chronic heart ure: a rest and exercise 
hemod c study. Circulation 1983;67:807—16. 

24 Wilson Schwartz JS, St John Sutton M, Ferraro LN, 
Horowitz N, Reichel N, et al. Prognosis in severe heart 
failure: relation wh 
tricular ectopic activity. J Am Coll Cardiol 1983;3:403-10. 

25 van Gilst WH, de Graeff PA, Wesseling H, de Langen CDJ. 
Reduction of reperfusion arrhythmias in the ischemic 
isolated rat heart by angiotensin converting enzyme 
inhibitors: a comparison of captopril, enalapril, and HOE 
498. J Cardiovasc Pharmacol 1986;8:722-8. 

26 Cleland JGF, Dargie HJ, Bali SG, Gillen G, Hodsman GP, 
Morton JJ, et al. Effects of enalapril in heart failure: a 
double blind study of effects on exercise performance, renal 
function, hormones, and metabolic state. Br Heart J 
19853;54:305-—-12. 


Kleber, Niemoller, Doering 


27 de Langen CDJ, de Graeff PA, van Gilst WH, Bel KJ; 
Kingma H. Effects of anglotensin I 
popr on  inductible sustained ventricular tach ae 


myocardial infarction in the pig. J 
rahe ati Parma 1989513:186-91. 

28 Webster MWI, Fitzpatrick MA, Nicholls MG, Ikram H, 
Wells E. Effect of enalapril on ventricular arrhythmias in 
congestive heart failure. Am J Cardiol 1985;56:566-9. 

29 Chatterjee K, Parmiey WW, Cohn JN, Levine TB, Awan 
NA, Mason DT, et al, for the Captopril multicenter 
research group. A cooperative multicenter study of cep- 
topril in congestive heart failure: hemodynamic effects and 
longterm response. Am Heart J 1985;110:439--47. 

30 Bertel O, Conen D, Schwarz U, Besch W, Dubach UC. 
Verbessert die engmaschige Kontrolle und Therapie- 
Anpassung die Prognose bei schwer herzinsuffizienten 
Patienten? Schwers Med Wochenschr 1985;115:1820~3. 

31 Kieber FX, swag HE Kronski D, Ohly A, Osterkorn K, 
Doering W. Progrediente linksventrikuliire Dilatation 
nach Vorderwandinfarkt als Determinante fir die Ent- 
wicklung einer Herzinsuffizienz. Z Kardiol 1990;79:1~-7. 

32 White HD, Norris RM, Brown MA, Brandt PWT, Whitlock 
RML, Wild CJ. Left ventricular end-systolic volume as 
the major determinant of survival after recovery from 

myocardial infarction. Circulation 1987;76:44-51. 

33 Pfefier MA siren IM, Steinberg C, Finn P. Survivalafteran 

infarction: beneficial effects of 
long-term therapy with captopril. Circulation 
1985;72:406-12. 

34 Sweet CS, Emmert SE, Stabilito I, Ribeiro LG. Increased 
survival in rats with congestive heart failure treated with 

ril, J Cardiovasc Pharmacol 19873;10:636-42. 

35 Pfeffer , Lamas GA, Vaughan DE, Parisi AF, Braunwald 
E. Effect of captopril on progressive ventricular dilatation 
after anterior m infarction. N Engli J Med 
1988;319:80-6. 

36 Sharpe N, Smith H, Murphy J, Hannan S. Treatment of 
patients with symptomless left ventricular dysfunction 
after myocardial infarction. Lancet 198831:255~9. 

37 Sharpe DN, Murphy J, Coxon R, Hannan SF. Enalapril in 
patients with chronic heart failure: a placebo-controlled, 
randomized, double-blind study. Circulation 
1984;70:271-8. 


Br Heart J 1992;67:297-303 


Department of 
Cardiological 
Sciences, St George’s 
Hospital Medical 
School, London 

M A de Belder 

L B Lovat 

L Tourikis 

G Leech 

A J Camm 


Correspondence to 

Dr Mark A de Belder, 
Regiona! Cardiothoracic 
Unit, St George’s Hospital, 
Blackshaw Road, Tooting, 
London SW17 0QT. 


Accepted for publication 
30 August 199] 


297 


Limitations of transoesophageal echocardiography 
in patients with focal cerebral ischaemic events 


M A de Belder, L B Lovat, L Tourikis, G Leech, A J Camm 


Abstract 

Objective—To investigate the detec- 
tion rate of cardiac sources of embolism 
by transoesophageal echocardiography 
in patients with focal cerebral ischaemic 
events and to relate the echocardiogra- 
phic findings to other clinical findings. 

Desitgn—Prospective study with blin- 
ded analysis of the echocardiographic 
data and subsequent comparison with 


the other clinical findings. 
Setting—Regional cardiothoracic unit 

based in a teaching hospital. 
Patients—131 consecutive patients 


with focal ischaemic cerebral events (49 
with a transient ischaemic attack, 77 
with a cerebrovascular accident, and five 
with a retinal arterial embolus) referred 


for echocardiography. 
Interventions—Full M mode, cross 
sectional, Doppler, and contrast 


echocardiography by both the precordial 
and transoesophageal techniques. 
Results—Precordial echocardiography 
detected a cardiac abnormality in 72 
patients. Transoesophageal echocar- 
diography confirmed all the precordial 
findings (except left ventricular hyper- 
trophy, which at present cannot be 
defined with this technique) and detected 
other abnormalities in a further 20 
patients (18 with potential right-to-left 
shunts and two with valve vegetations). It 
also showed spontaneous contrast echoes 
in 27 of 28 patients with a large left 
atrium and showed atrial thrombus in 
three. Cardiac abnormalities were 
clinically detected in 53 patients, all of 
which were confirmed or documented by 
echocardiography. In the 78 patients 
with no clinically detectable cardiac 
abnormality six had mitral valve 
prolapse and one had a regional wall 
motion defect (identified by precordial 
echocardiography) and 17 had potential 
right-to-left shunts (11 of which were 
identified only by transoesophageal 
echocardiography). 
Conclusions—Transoesophageal echo- 
cardiography is more sensitive than 
precordial echocardiography in detect- 
ing potential sources of embolism in 
these patients. However, except for the 
detection of a potential right-to-left 
shunt, the yield in patients with no car- 
diac abnormality is low. Moreover, the 
abnormalities detected in those with 
previously detected cardiac disease 


merely confirm the clinical diagnosis. 
Patients with left atrial spontaneous 
contrast echoes may benefit from 
anticoagulation but this requires further 
study. Until more data are available on 
this feature and on the role of potential 
right-to-left shunts in this population, 
the contribution of echocardiography, 
precordial or transoesophageal, remains 
limited. 


Clinical studies suggest that emboli arising 
from the heart cause 5—20% of focal cerebral 
ischaemic events.’? Necropsy data suggest 
that emboli may be responsible for up to 50% 
of fatal events.*7 Though these data may sug- 
gest that cardioembolic events are more often 
fatal than other causes of focal cerebral 
ischaemia, another interpretation is that it is 
difficult to detect cardiac sources of emboli in 
patients who have focal cerebral events. The 
development of M mode and cross sectional 
echocardiography has enhanced our ability to 
detect cardiac abnormalities in these 
patients,~* but the sensitivity and specificity of 
these methods for the detection of potential 
embolic sources (for example, thrombi) are 
not known. In this group of patients precor- 
dial echocardiography has other deficiencies. 
Firstly, in quite a few it is not possible to 
obtain adequate images. Secondly, abnor- 
malities that are detected (for example, 
rheumatic mitral valve disease) have usually 
been detected clinically. Although the image 
quality in such cases is inadequate for the 
detection of the associated left atrial throm- 
bus, the presence of the latter is assumed and 
the patient is treated with oral anticoagulants. 
Lastly, the detection of an abnormality does 
not prove a pathogenic mechanism for the 
neurological event. 

The development of transoesophageal 
echocardiography’ allows evaluation by bigh 
frequency ultrasound of the left atrium 
including its appendage, areas that are not 
imaged well from the precordium.’?" The left 
atrial appendage in particular is a common site 
for thrombus?” and the transoesophageal 
technique has proved useful for its detection."* 

Although some workers have reported on 
the enhanced detection of cardiac sources of 
emboli with transoesophageal echocardiogra- 
phy," many of the limitations of precordial 
echocardiography in this group of patients 
also apply to the transoesophageal technique 
and it is not clear what impact this imaging 
method will have on decisions about treat- 
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ment in individual patients. This study was 
therefore performed prospectively to evaluate 
the information provided by transoesophageal 
echocardiography in relation to earlier clinical 
information in a series of patients presenting 
acutely with a focal cerebral ischaemic events. 
Patients presenting with any of the following 
were considered for study: transient ischaemic 
attack, reversible ischaemic neurological 
deficit, cerebrovascular accident, or retinal 
arterial occlusion. 


Patients and methods 

PATIENTS 

We studied 131 consecutive patients with a 
recent focal neurological ischaemic event who 
were referred for echocardiography. Echocar- 
diography was performed within two weeks of 
the presenting neurological event in all cases. 
Before echocardiography, relevant details of 
the history and clinical examination were 
recorded. The underlying cardiac rhythm was 
recorded and the case notes examined for 
evidence of paroxysmal arrhythmias. A raised 
blood pressure on presentation was not taken as 
evidence of hypertension, which was defined as 
(a) blood pressure requiring specific antihyper- 
tensive medication before the presenting event 
or (b) raised pressures on admission that per- 
sisted for more than a week, either associated 
with electrocardiographic evidence of left ven- 
tricular hypertrophy or requiring antihyper- 
tensive treatment. Cerebrovascular disease was 
defined as the presence of a carotid bruit (10 
patients), Doppler evidence for an internal 
carotid stenosis (four patients), or cerebral 
angiographic evidence of a vascular abnor- 
mality consistent with the presenting event 
(two patients). Duplex studies of the carotid 
arteries were not routinely performed in these 
patients. A past history of myocardial infarc- 
tion and confirmatory electrocardiographic 
evidence were noted. To be a risk factor for the 
presenting event, the myocardial infarction had 
to have occurred in the three months before the 
neurological episode. Clinical diagnoses of 
infective endocarditis, hypertrophic car- 
diomyopathy, ‘and dilated cardiomyopathy 
were recorded. 

All patients with a cerebrovascular accident 
had been previously assessed by a consultant 
neurologist or senior physician in our centre. 
All such patients had undergone computed 
axial tomography of the head. Patients with 
cerebral haemorrhage or space-occupying 
lesions were excluded. The protocol had the 
full agreement of the local ethics research 
committee. 


PRECORDIAL ECHOCARDIOGRAPHY 

All patients had full M mode and cross sec- 
tional echocardiography in standard imaging 
planes, with relevant Doppler studies within 
two weeks of the presenting neurological 
event. A Hewlett-Packard 77020 or 77030A 
ultrasound system was used, series Sonos 500 
or 1000. Images were obtained with a 3-5 MHz 
transducer, but if these were suboptimal a 
2:5 MHz transducer was used. Standard 
measurements of the left atrium and ventricles 
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were made and ventricular function was asses- 
sed. Mitral valve prolapse was defined accord- 
ing to the clinical and echocardiographic 
criteria described by Perloff and colleagues.'® 
At the end of the routine study a precordial 
contrast echocardiogram was obtained. An 
18G Venflon (Viggo Products, Helsingborg, 
Sweden) was inserted into a left antecubital 
vein. With 10 or 20 ml syringes, 1-2 ml of 
blood was drawn into the syringe and 8-18 ml 
of physiological saline was added. Air was 
drawn into the syringe and the solution agitated 
either by vigorous shaking or by rapidly inject- 
ing it between two syringes via a three-way tap. 
The air and macrobubbles were then expelled 
and the resultant solution containing 
microbubbles was injected rapidly. Recordings 
of an M mode study across the mitral valve 
during the injection were made on video tape 
and a hard copy print out was obtained. Cross 
sectional images were recorded on video tape in 
the apical four-chamber view or if this was 
unsatisfactory in a subcostal four chamber 
view. Recordings of the contrast studies were 
made before and during a Valsalva manoeuvre. 
The release phase of the manoeuvre coincided 
with the arrival of contrast in the right atrium. 


TRANSOESOPHAGEAL ECHOCARDIOGRAPHY 

‘The transoesophageal study was performed 
immediately after or, if this was not possible, 
within three days of the precordial study. The 
patient was fasted for four hours before the 
study which was performed in the left lateral 
position with topical hypopharyngeal anaes- 
thesia (10% lignocaine solution) and, in a 
few patients, mild sedation (2:5-10 mg 
midazolam). After a complete anatomical 
examination the transducer was positioned 
with the scanning plane at the level of the atrial 
appendage. The gain and compression controls 
were modified to enhance weak echoes, thus 
optimising the ability to detect spontaneous 
contrast echoes (fig 1). The transducer was then 
rotated so that the scanning plane was at the 
level of the foramen ovale. Colour flow mapping 
was performed to evaluate the possibility of a 
shunt across the atrial septum. After this a 
contrast study was performed both before and 
during a Valsalva manoeuvre as described 
above. The following diagnostic definitions 
were used: 

(a) Mitral valve prolapse—superior systolic 
displacement of the anterior or anterior and 
posterior leaflets above the level of the mitral 
annulus as seen in the four chamber view, 
irrespective of the position of the coaptation 
point or superior displacement of the posterior 
annulus together with superior displacement of 
the coaptation point. 

(b) Atrial septal defect—evidence of left-to- 
right shunting on colour flow mapping or a 
“negative” right atrial contrast study irrespec- 
tive of the detection of an anatomical defect in 
the atrial septum on two dimensional imaging 
alone. 

(c) Patent foramen ovale—Anatomically 
intact atrial septum, no left-to-right shunting 
on colour flow mapping, right-to-left shunting 
detected on contrast study or by colour flow 
mapping (fig 2). 
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Figure 1 Cross sectional transoesophageal echocardiogram of the left atrium and its 


appendage. There was a wisp-lthe clo 
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Figure 2 Cross sectional transoesophageal echocardiogram during a contrast study with 
the imaging plane at the level of the atrial septum. There was a cloud of echoes from 


microbubbles in the right atrium. Some microbubbles were detected 


mg across the 


atrial septum to the left atrium. Some of these had passed through the left ventricle and 
were seen passing from the left ventricular outflow tract to the aorta. LA, left atrium; 
RA, right atrium; FO, atrial septum at the level of the foramen ovale; LV, left 
ventricle; LV OT, left ventricular outflow tract; AMV L, anterior mitral valve leaflet; 


AV, aortic valve; AO, aorta. 


(d) Pulmonary arteriovenous fistula—As for 
patent foramen ovale, except that no evidence 
of right-to-left shunting was detected across 
the atrial septum. Instead contrast was seen to 
pass into the left atrium from the direction of 
the right pulmonary veins and was detected 
only after a period of three or more cardiac 
cycles from the appearance of contrast in the 
right atrium—in all such cases the microbub- 
bles detected were considerably smaller than 
those seen to pass immediately across the atrial 
septum in definitions (5) and (c) above. 

The left ventricular wall thickness was not 
measured in the transoesophageal studies. The 
short axis view from the stomach transects the 


ventricle at papillary muscle level. We have 
noted that the ventricular wall appears thicker 
at this level by the transoesophageal technique 
than it does with standard measurements from 
the precordial studies (measured above the 
papillary muscles); no satisfactory normal data 
are yet available and it is thus difficult to confirm 
the presence of ventricular hypertrophy with 
the transoesophageal transducer. 


INTERPRETATION OF ECHOCARDIOGRAPHY 
STUDIES 

All hard copy print outs and video tapes were 
analysed by an experienced interpreter (GL) 
who was blinded to the interpretation of the 
operator performing the studies. Although this 
interpreter knew that all patients had had a 
neurological event, he was unaware of the other 
clinical details of the patient. Results were 
compared with the interpretation of the 
operator. Agreement was complete in all 
patients except two with a possible pulmonary 
arteriovenous fistula as defined above; the 
operator had detected a shunt during the study 
but this was not confirmed in the subsequent 
analysis. These patients were recorded as 
having no shunt. 


Results 
The mean age of the 131 patients was 57 years 
(range 20-88 years) and 77 (59%) were men. 
Forty one patients (31%) were smokers at the 
time of presentation, 17 (13%) were ex-smok- 
ers, and 73 (56%) were non-smokers. The 
presenting event was a transient ischaemic 
attack in 49 patients (eight with a history of 
previous events), a cerebral infarct in 77 (four 
with a previous history), and in five a retinal 
arterial occlusion had occurred (one patient 
with amaurosis fugax and four with persistent 
visual defects). The ‘“‘risk factors” of the five 
patients with retinal artery occlusion were 
mitral valve prolapse (one patient), known 
cerebrovascular disease (one patient), hyper- 
tension (one patient) and no clinically detec- 
table factor (two patients, one with mitral 
annular calcification on echocardiography). 
Table I shows the echocardiographic find- 
ings with the precordial and transoesophageal 
techniques in relation to the clinically deter- 
mined risk factor(s) for the neurological event. 


PATIENTS WITH HYPERTENSION ALONE 

Sixteen patients were being treated for hyper- 
tension on presentation: eight had left ven- 
tricular hypertrophy. No other abnormalities 
were detected in this group. 


PATIENTS WITH ATRIAL FIBRILLATION (OTHER 
RISK FACTORS EXCLUDED) 

Sixteen patients had atrial fibrillation (11 
chronic, five paroxysmal), All five patients with 
paroxysmal atrial fibrillation were in sinus 
rhythm during the echocardiographic studies. 
Precordial echocardiography showed a large 
left atrium in 10, all with chronic fibrillation. 
‘Transoesophageal echocardiography showed 
spontaneous contrast echoes in and around the 
left atrial appendage in nine of these 10 
patients: in five, these echoes were also seen in 
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Table 1 Echocardiographic findings in relation to risk Jactors for focal cerebral event 
aaa aaaeaii aaa U 


Risk factor(s) for event (n) 
Hypertension (16) 


Chronic/paroxysmal atrial 
fibrillationt (16) 


Cerebrovascular disease (12) 


Rheumatic mitral valve disease] 
MVR (12) 


MI/DCM/HCM (8) 
Mitral valve prolapse (4) 
Combinationst (10) 
Othert (12) 


None (41) 


Total (131) 
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Echocardiographic findings 
LVH Large LA|SCEs MVP PFO/ASD (PAVF) Other 
PCE TOE PCE TOE* PCE TOE PCE TOE PCE TOE 
8 ? = = —— = ae — a 
oe, 10 9 = 1 2 (1) 1 AS aneurysm 
ee an es J I = 2 — — 
e i uo n = & = 2(1) —  lvegu 
1? 3 3 Ta. A = p~ 6 RWMA 
an ee ac. ee 4 4 1 1 — — 
4 ? 3 3 =i 1 4 2RWMA 
2 ? 1 1 — = 2 4 1 AV 
vegns 
ea =2:- ee 5 5 4 11 (1) l bicuspid AV 
1RWMA 
1 MAC 
15? 2% 27 10 10 9 27 (3) a 


PCE, precordial echocardiography, TOE, transoesophageal echocardiography; LVH, left ventricular hypertrophy; LA, left atrium; SCEs, spontaneous contrast 
echoes; MVP, mitral valve idiot PFO ee ME es foramen er ASD, atrial septal defect; PAVF, pulmonary arteriovenous fistula; AS, atrial septal; MVR, mitral 


valve replacement; vegns, vegetati 


recent 


infarction; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; RWMaA, left 


m 
ventricular regional wall motion abnormality; AV, pi ea nar valve; bicsp, bicuspid; MAC, mitral annular calcification. 


*Numbers refer to TOE studies in which 


cous contrast were peen. 


TWithout evidence of mitral valve disease, hypertension, or recent infarction. 


See text. 


Wall thickness measurements from transoesophageal studies not made (see text). 


the main left atrial chamber. Both precordial 
and transoesophageal echocardiography 
showed an aneurysm of the atrial septum in one 
patient. The right-to-left shunt from an atrial 
septal defect was shown in one patient by 
precordial echocardiography but left-to- 
right shunting was only demonstrated on the 
transoesophageal colour flow map. A patent 
foramen ovale was shown in one patient and a 
pulmonary arteriovenous fistula in another only 
by transoesophageal echocardiography. 


PATIENTS WITH CEREBROVASCULAR DISEASE 

The heart was echocardiographically normal 
in nine of 12 patients who had evidence of 
cerebrovascular disease. One patient had mitral 
valve prolapse and two had evidence of right- 
to-left shunting across a patent foramen ovale, 
which was detected only with a transoeso- 
phageal contrast study. 


PATIENTS WITH RHEUMATIC MITRAL VALVE 
DISEASE OR PREVIOUS MITRAL VALVE 
REPLACEMENT 

Eleven of the 12 patients in this group were 
in atrial fibrillation. All eleven had a large left 
atrium as determined by precordial echocar- 
diography and spontaneous contrast echoes 
shown by transoesophageal echocardiography. 
Three patients had echogenic masses in the left 
atrium consistent with thrombus. In one the 
thrombus was seen in the atrial appendage 
only, in another it extended from the appen- 
dage across the roof of the atrium, and in the 
third it was visualised on the posterior wall of 
the atrium adjacent to the right upper pulmon- 
ary vein. A clinical diagnosis of mitral pros- 
thetic endocarditis was made in one patient 
who had two transient ischaemic episodes three 


months after mitral valve replacement. Blood 
cultures (which subsequently proved positive) 
had been taken before echocardiography which 
showed echoes consistent with mitral valve 
vegetations. Two patients had evidence of a 
patent foramen ovale and one had a presumed 
pulmonary arteriovenous fistula; all of these 
were only apparent on the transoesophageal 
studies. 


PATIENTS WITH A RECENT MYOCARDIAL INFARCT 
OR CARDIOMYOPATHY 

A regional wall motion abnormality was detec- 
ted in all six patients who had had a Q wave 
infarct in the three months before the present- 
ing event. One of these patients had a large left 
atrium, as did one patient with dilated car- 
diomyopathy and the patient with hypertro- 
phic cardiomyopathy. In these three patients 
spontaneous contrast echoes were shown in the 
left atrium on the transoesophageal study. In 
addition, spontaneous contrast echoes were 
visualised in the left ventricle of the patient 
with dilated cardiomyopathy and the patient 
with the previous infarct. A patent foramen 
ovale was shown by transoesophageal echo- 
cardiography in one patient with a previous 
infarct. 


PATIENTS WITH MITRAL VALVE PROLAPSE 

Four patients had clinical diagnoses of mitral 
valve prolapse; all were confirmed on echo- 
cardiography. One of these patients also had a 
patent foramen ovale. 


PATIENTS WITH COMBINATIONS OF THE ABOVE 
RISK FACTORS 

Twelve patients had combinations of risk 
factors—for example, hypertension and atrial 
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Table 2 Summary of echocardtographic findings in patients with and without clinically detected cardiac abnormalities 








Echocardiographic findings* 
Large LA R-to-L 
No MVP or SCEs shunt Other 
Patients with no clinical cardiac abnormality 78 6 0 17 1RWMA 
1 MAC 
Patients with clinically detected cardiac abnormality 53 4 25 10 1AS 
am 
8 RWMA 
2 vegetations 
14 confirmed 
valve lesions 
*Exciuding left ventricular hypertroph 
R-to-L, right-to-left. See footnote to table 1 for other abbreviations. 
fibrillation. Left ventricular hypertrophy was Discussion 


shown in two patients with hypertension. A 
large left atrium was detected in three patients 
in chronic fibrillation, all of whom had spontan- 
eous contrast echoes. A regional wall motion 
abnormality was detected in two patients with 
recent Q wave infarction; both were in atrial 
fibrillation. The foramen ovale was patent in 
three patients and in one an atrial septal defect 
was detected. 


PATIENTS WITH OTHER RISK FACTORS 

Other risk factors included migraine, polycyth- 
aemia, sarcoid, connective tissue disorders, 
atrioventricular conduction disease, aortic 
valve endocarditis, and in three patients there 
was evidence of vascular disease from a history 
of angina or intermittent claudication (none of 
them had carotid bruits). Two patients had 
mild concentric left ventricular hypertrophy, 
although there was no history of hypertension. 
A large left atrium with spontaneous contrast 
echoes was found in the patient with sinoatrial/ 
atrioventricular conduction disease (who had a 
right ventricular pacemaker). ‘Transoesopha- 
geal echocardiography showed echoes consis- 
tent with vegetations in the patient with aortic 
valve endocarditis. Four of these patients had a 
patent foramen ovale. 


PATIENTS WITHOUT RISK FACTORS 

There were 41 patients with none of the risk 
factors described. Five were shown to have 
mitral valve prolapse and a bicuspid aortic 
valve was confirmed in another. A regional wall 
motion abnormality was detected in an elderly 
patient with no evidence of previous infarction. 
Eleven of these patients had a patent foramen 
ovale, the right-to-left shunts being detected 
only by the precordial studies in four, One 
patient had a pulmonary arteriovenous fistula 
and one had mitral annular calcification. 


PATIENTS WITH AND WITHOUT CLINICALLY 
DETECTED CARDIAC ABNORMALITIES 

The patients were separated into those with 
clinically detected cardiac abnormalities and 
those with no evidence of cardiac abnormality. 
For this purpose patients with hypertension 
alone as a risk factor were classified as having 
no cardiac abnormality irrespective of the 
electrocardiographic criteria of left ventricular 
hypertrophy (table 2). 


The discrepancy in the number of patients who 
have a focal ischaemic neurological event as a 
consequence of a cerebral embolus between 
clinical and necropsy studies suggests, in part, 
that cardiac sources of emboli often go 
undetected.'> In a study of patients with a fatal 
event, it was estimated that only about 60% of 
patients who had a cardioembolic event would 
have been identified by clinical criteria alone 
(history of cardiac disease, atrial fibrillation, or 
auscultatory abnormalities), and that there 
would have been a 20% false positive rate 
and a 19% false negative rate.” M mode and 
cross sectional echocardiography have clearly 
improved the detection of cardiac abnor- 
malities that are associated with embolic 
events** but several groups have pointed out 
that the yield is low in those without abnormal 
clinical signs.” ” 

There is no doubt that the transoesophageal 
echocardiographic technique enhances our 
ability to detect cardiac abnormalities in 
patients with focal neurological events. 
Another advantage is that good quality images 
can be obtained in virtually all patients. 
However, many of the criticisms of precordial 
echocardiographic studies in these patients also 
apply to the transoesophageal technique. In 
particular, many of the abnormalities that are 
detected have been identified or suspected from 
previous clinical evaluation. In addition, the 
finding of a cardiac abnormality does not prove 
a pathogenic mechanism for the neurological 
event. 

Cerebrovascular events are most common in 
the elderly, and in this group both cerebral and 
cardiac pathologies coexist. Clinical decisions, 
especially those about treatment, must take 
into account the probability of events based on 
a knowledge of the pathologies most commonly 
associated with them. Age is the most impor- 
tant risk factor for stroke, with hypertension 
being the second most important.” These 
statements take account of the relative risk 
attached to a risk factor and the attributable 
risk based on the frequency of the risk factor in 
the general population.” The highest relative 
risk for stroke is associated with rheumatic 
mitral valve disease and atrial fibrillation, but 
this combination is uncommon in the general 
population; overall less than 2% of all strokes 
are related to this pathology.” Moreover, atrial 
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fibrillation itself carries only a small relative 
risk.” It is interesting that about 10% of 
patients with primary intracerebral haemorr- 
hage or lacunar infarction (neither of which are 
due to thromboembolism) are in atrial fibrilla- 
tion on presentation.” Moreover, there seems 
to be relatively little if any excess risk of 
recurrent stroke in patients in atrial fibrillation 
at the time of the presenting event compared 
with those in sinus rhythm.” 

The patients investigated in this study may 
not reflect the general population of patients 
presenting with focal ischaemic neurological 
events, because the referral for echocardiogra- 
phy may have been biased by the detection of 
cardiac abnormalities. However, most of the 
patients were investigated as part of a continu- 
ing study to which all patients with a stroke or a 
transient ischaemic attack are referred: thus the 
patients cover a wide range of those presenting 
with such events. Although many patients 
with retinal arterial events have these as a 
consequence of cerebrovascular disease we 
included such patients in this study because the 
sources of embolism for these events have not 
been fully categorised. Patients in this study 
did not routinely undergo carotid duplex 
studies, mainly because of lack of the 
appropriate facilities and expertise at our cen- 
tre during the period of this study. Thus the 
four patients who were studied were referred to 
another centre because they had carotid bruits. 
The role of such studies in patients with 
neurological events who either have no obvious 
risk factor for the event or who have a clinically 
obvious factor (such as mitral stenosis) remains 
to be determined. 

Although the patient selection must be con- 
sidered our data accord with the fact that 
patients with hypertension or overt cerebrovas- 
cular disease as the sole identifiable risk factor 
and patients with no clinically apparent cardiac 
disease have a relatively low yield of cardiac 
abnormalities on full echocardiographic 
evaluation. However, two causes in particular 
that are not detected clinically are mitral valve 
prolapse and a patent foramen ovale, par- 
ticularly the latter. The potential for right-to- 
left shunting in these patients, especially if 
young and without other obvious risk factors, 
is becoming increasingly recognised.” In 
Lechat et al’s study there was an association 
between mitral valve prolapse and the presence 
of a patent foramen ovale, and after the 
presence of a patent foramen ovale had been 
controlled for, mitral valve prolapse no longer 
correlated with stroke.” Although mitral valve 
prolapse has been associated with embolic 
events, clinically silent mitral valve prolapse 
seems to be benign, and it is therefore inap- 
propriate to attribute a cerebral event to this 
finding.” In addition, the difficulties in diag- 
nosing mitral valve prolapse from single plane 
transoesophageal studies have not yet been 
fully addressed. Moreover, for both mitral 
prolapse and a patent foramen ovale, there is no 
convincing evidence that any specific treatment 
can reducethe likelihood of recurrent events. 
Thus until more data are available the detection 
of these abnormalities may not be clinically 
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useful. This also applies to mitral annular 
calcification, detected in one patient in this 
study. Although believed by some to be 
associated with thromboembolic events,” there 
is no convincing evidence of this. 

For the group of patients with a clinically 
detected cardiac lesion it could be argued that 
echocardiography, whether precordial or tran- 
soesophageal, simply confirms the diagnosis. 
For patients in atrial fibrillation, we expect to 
find a large left atrium and evidence of flow 
abnormalities or thrombus. Thus we should 
not be surprised that the precordial echocar- 
diogram shows an enlarged left atrium. The 
fact that no flow abnormalities are shown in the 
left atrium by the precordial technique relates 
to problems with resolution. Transoesophageal 
echocardiography is useful in these patients 
because (a) the transducer can be placed direc- 
tly behind the left atrium and (b) a 5 MHz 
transducer is used. Evidence of flow abnor- 
malities can be detected either as echoes con- 
sistent with thrombus'*” or as spontaneous 
contrast echoes.“ Whether this information 
is useful or not remains debatable. Given, 
however, the epidemiological data that demon- 
strate an overall small relative risk of atrial 
fibrillation in stroke, it may be that the detection 
of these spontaneous contrast echoes provides 
strong evidence relating the arrhythmia to the 
cerebral event. Patients with these echoes, 
showed convincingly with transoesophageal 
echocardiography may benefit from 
anticoagulation.” * This needs to be studied 
further. 

In conclusion, transoesophageal echocar- 
diography detects more cardiac abnormalities 
in patients with focal ischaemic cerebral events 
than precordial echocardiography. However, 
many of the abnormalities detected will have 
been predicted from previous clinical assess- 
ment of the patient. The yield in patients with 
no clinically detectable cardiac lesion remains 
relatively low. Abnormalities that are not sus- 
pected include mitral valve prolapse, which is 
probably not related to the cerebral event in 
such cases, and the possibility of right-to-left 
shunting. Although there is growing evidence 
that such shunting may have a pathogenic role 
in such patients, at present there are no data 
demonstrating that recurrences can be reduced 
or avoided with specific treatments. Until such 
data are available, echocardiography, whether 
precordial or transoesophageal, has a limited 
role in patients with focal ischaemic cerebral 
events. 
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Variable patterns of ST-T abnormalities in 
patients with left ventricular hypertrophy and 


normal coronary arteries 


F U Huwez, S D Pringle, P W Macfarlane 


Abstract 

Background—Classically, the ST-T 
configuration in the electrocardiogram of 
patients with left ventricular hyper- 
trophy is said to have a typical pattern of 
ST depression together with asym- 
metrical T wave inversion (the so-called 
left ventricular strain pattern). How- 
ever, many patients with left ventricular 
hypertrophy may also have ischaemic 
heart disease. To revise the electrocar- 
diographic criteria for left ventricular 
hypertrophy the ST-T configuration in 
patients with left ventricular hypertro- 
phy documented by echocardiography 
and with normal coronary arteries was 
assessed. 

Methods—24 patients were selected for 
this study. All had left ventricular 
hypertrophy documented by echocar- 
diography, normal coronary arteries by 
cardiac catheterisation, and ST and/or T 
wave abnormalities in the lateral leads 
of their electrocardiogram. There were 
eight patients with aortic valve disease 
and 16 with hypertension who had coron- 
ary angiography as part of an investiga- 
tion into the risk factors of sudden 
cardiac death caused by hypertensive 
left ventricular hypertrophy. No patient 
was receiving digitalis preparations or 
had electrolyte disturbances, and none 
had a previous myocardial infarction or 
ventricular conduction defect. 
Results—Typical electrocardiographic 
evidence of left ventricular strain was 
found in approximately two thirds (63%) 
of patients and 95% of this subgroup had 
asymmetrical T wave inversion. Flat ST 
segment depression, with or without T 
wave inversion or isolated T wave inver- 
sion (symmetrical or asymmetrical) in 
the anterolateral leads, was seen in the 
remaining 37% of patients. 
Conclusions—These findings indicate 
that left ventricular hypertrophy with- 
out coronary artery disease can cause 
variable types of ST-T abnormalities in 
the anterolateral leads including the 
typical left ventricular strain pattern 
and non-specific ST-T changes. Non- 
specific abnormalities could not be dis- 
tinguished from those of coronary artery 
disease and may adversely affect the 
accuracy of the electrocardiographic 
criteria for the diagnosis of left ven- 
tricular hypertrophy because they do not 


accord with the criteria for left ven- 
tricular strain. 


Carter and Estes showed that electrocar- 
diographic evidence of left ventricular strain 
defined as asymmetrical ST depression and T 
wave inversion in the anterolateral leads (I, 
aVL, V5 and/or V6) correlated significantly 
with left ventricular weight at necropsy.’ Left 
ventricular strain (ST segment depression 
<0-1 mV with asymmetrical T wave inver- 
sion) in the anterolateral leads was reported to 
be 95% specific for left ventricular hyper- 
trophy in the absence of digitalis treatment.” 
However, in clinical practice, it is not uncom- 
mon to find that some patients, who have 
electrocardiographic left ventricular hyper- 
trophy confirmed by echocardiography, have 
symmetrical or asymmetrical T wave inver- 
sion without ST segment depression. It is not 
certain whether such T wave changes without 
ST-segment depression occur because of left 
ventricular hypertrophy itself or on account of 
associated coronary artery disease particularly 
as it is well established that patients with 
electrocardiographic left ventricular hyper- 
trophy and ST-T abnormalities are eight 
times more likely to have coronary artery 
disease than those who have electrocardio- 
graphic left ventricular hypertrophy without 
repolarisation wave abnormalities.’ For this 
reason, we decided to review the patterns of 
repolarisation wave abnormalities in a group 
of patients with left ventricular hypertrophy 
documented by echocardiography, ST and/or 
T wave abnormalities on their scalar elec- 
trocardiograms and with normal coronary 
arteries demonstrated by coronary angio- 
graphy. 


Patients and methods 

Patients were selected for this study if they 
had normal coronary arteries and left ven- 
tricular hypertrophy documented by echocar- 
diography. Their electrocardiograms also had 
to show ST and/or T wave abnormalities in 
the lateral leads. Eight patients had aortic 
valve disease (aortic stenosis and/or regurgita- 
tion) with or without chest pain suggestive of 
angina pectoris and had left heart catheterisa- 
tion and coronary angiography as a part of 
their general assessment for aortic valve 
replacement. Sixteen patients had hyperten- 
sion and they had coronary angiography as a 
part of an ongoing study investigating the risk 
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factors of sudden cardiac death in hyperten- 
sive left ventricular hypertrophy.‘ No patient 
had a previous myocardial infarction, intra- 
ventricular conduction defect, or was being 
treated with digitalis. Myocardial infarction 
was excluded in these patients on the basis of 
clinical history and contrast left ventriculo- 
graphy. 

The electrocardiograms were recorded with 
either a Mingorec 4 electrocardiograph 
(Siemens-Elema) or a computer compatible 
electrocardiograph developed locally.” ST 
segment depression was regarded as present 
when depression <0-1 mV occurred 40 ms 
after the J point. The configuration of the ST- 
T changes was classified according to the fol- 
lowing rules: 


ST segment depression—downward sloping, 
flat or upward sloping. 

T wave inverston—symmoetrical, or asym- 
metrical with or without terminal over- 
shoot. 


The echocardiograms were recorded with a 
Diasonics Cardiovue 3400 Phased Array 
imaging system and a 2:5 MHz transducer. 
Patients were positioned semisupine in the 45° 
left lateral position and the echo windows that 
best demonstrated the septal and posterior 
walls of the left ventricle were chosen in the 
3rd, 4th, or 5th left parasternal area. M mode 
recordings were obtained and measurements 
were made of the interventricular septum, 
posterior wall of the left ventricle, and the 
left ventricular internal dimension at the tip of 
the mitral valve at end diastole according to 
the Penn Convention.® The left ventricular 
masses were calculated by the formula of 
Devereux and Reichek’ as follows: 


LVM = 

104(1VS + PWLV + LVIDDY — 
(LVIDDY’} — 13-6g 

where LVM is the left ventricular mass (g), 

IVS is the interventricular septum (cm), 

PWLV is the posterior wall of left ventricle 

(cm), and LVIDD is the left ventricular 


internal dimension (cm) at end diastole. The 
masses were indexed to the body surface area, 
the latter being obtained from the following 
equation’: 

BSA = 0-0001 x 71-84 x Wt” x HP” 


where BSA is the body surface area (m), 
weight (Wt) (kg), and height (Ht) (cm). 

Echocardiographic left ventricular hyper- 
trophy was diagnosed when the left ven- 
tricular mass index exceeded 131 g/m’ and 
108 g/m? in men and women respectively.’ 
Absence of coronary artery disease was defined 
as absolutely normal coronary arteries. 


Results 
Twenty four patients completed the study (18 
men and six women, mean (SD) age 53-2 
(10-46) years, range 31-72 years). All had 
echocardiographic left ventricular hypertrophy 
and their left ventricular mass indexed to body 
surface area ranged from 137 to 307 g/m’ witha 
mean (SD) of 189-34 (53-7) g/m’. Left ven- 
tricular hypertrophy was caused by hyperten- 
sion in 16/24 (66%) and aortic valve disease 
(aortic stenosis and/or regurgitation) in 8/24 
(34%) of the patients. All had absolutely nor- 
mal coronary arteries. The table shows their 
left ventricular mass indexed to body surface 
area (g/m*), QRS axes, and pattern of ST 
segment depression and T wave inversion. 
Asymmetrical ST-segment depression that 
was bowed upward in the anterolateral leads 
was seen in 15/24 (63%) of the patients. All had 
T wave inversions in the anterolateral leads 
except one patient who had diphasic T waves in 
leads I, V5, and V6 (fig 1). The T wave 
inversion (<0-1 mV) in the anterolateral leads 
of the other 14/24 (58%) patients was 
predominantly asymmetrical as shown tn fig 2. 
Flat ST segment depression in the 
anterolateral lead was found in 5/24 (21%) of 
the patients (fig 3). The associated T wave 
changes in the patients included asymmetrical 
T wave inversion in two patients, flat T wave in 


Electrocardiographic findings in 24 patients with an increase in indexed left ventricular mass 


No 
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SUASSSTS VAS VISTSSSES VSS 


Age (y) 


75 
52 
63 


LVMI (g/m’) Diag ECGLVH ST segment depression T wave inversion ORS axıs 
169-6 HBP _ 1, aVL, V6* I, aVL, V5, V6t 30 
127-8 as + I, aVL, V2-V6* I,aVL, V2-V6 12 
162-3 5 — None L aVL, V5, V6 16 
193 m ~— I, aVL, V5, V6* IL aVL, V5, V6t 43 
145 5 = V5, V6 (flat) aVL (flat) 35 
137 ‘ + 1, aVL, V3~V6* I, aVL, V4-V6,t V3 (symmetrical) 28 
180-1 s _ I, V5, V6* aVL (flat 66 
2160 33 + None I, aVL, V6 (symmetrical) 36 
144 es -~ I aYL, V5, V6* I,aVL 03 
245 i ~ one aVL} —05 
145 ” + aVL (flat) aVLt 17 
126-1 ‘5 + V5 (flat) aVL (flat) 67 
140 j5 — V5, V6 (flat) I, aVL, V5, V6 —07 
193-3 s + aVL* I, aVL, V5, vst 25 
193 5 -- I, aVL, V5, V6* I, aVL, V5, V6 14 
305 < + I,aVL, V5-V6* 1, aVL, V5, V6ét 01 
220 AVD + I, aVL, V4-V6* I, HI, aVL, V4-V6t —0O1 
155 5 — None i II, III, aVL, aVFt, V5, V6 42 
197 si + I, aVL, aVF, V3-V6* I, aVL, AVE, V3-V6 04 
246 j + I, II, aVL, aVF, V5, V6 (flat) I, II, aVF, V5, V6t, aVL (symmetrical) 15 
307 5 + I, 11, I], aVF, V5, V6* L Il, Ui, aVL, aVF, V5, V6t 46 
137 S + I, aVL, V3~V6* I, IL aVL, V3-V6 64 
274 5 + I, II, aVL, V5, V6* I, II, aVL, V5, V6 18 
186 `» + I, II, III, aVL, aVF, V5, V6*  1,īl, ITT, aVL, aVF, Y5, V6t —16 





*Downward sloping ST depression Sava 1 mV). 40 ms after the J point. 


tAs 


ymmetrical T wave inversion with terminal overshoot. 
HBP, high blood pressure; AVD, aortic valve disease; LVMI, left ventricular mass index; LYH, left ventricular hypertrophy. 
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Figure 1 ST depression and diphasic T waves in I, VS, V6 in a 53 year old man with 
EAA and normal coronary arteries. His echocardiographic left ventricular mass 
was 145 g/m’. 





Figure 2 Electrocardiogram of a 52 year old woman with aortic valve disease and 
normal coronary arteries. Her echocardiographic left ventricular mass was 27 gle 
The electrocardiogram shows typical left ventricular strain with bowing upwar 

sloping down into an inverted T wave with terminal overshoot in the anterolateral leads. 
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Figure 3 Flat ST segment depression in left ventricular hypertrophy without coronary 


artery disease in a 53 year old woman with hypertension. Her echocardtographnc left 
ventricular mass was 140 g/m’. The electrocardiogram shows T wave inversion in the 
anterolateral leads with flat ST segment depression. 
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two other patients, and symmetrical T wave 
inversion in one patient. 

There were isolated T wave changes (<0-00 
mV) without ST depression in the anterolateral 
leads in 4/24 (16%) of the patients: three (12%) 
patients with asymmetrical T wave inversion 
(fig 4) and one (4%) with mainly symmetrical T 
wave inversion in leads V5 and V6 (figure 5). 


Discussion 

The generally accepted definition of left ven- 
tricular strain is an ST segment depression that 
is bowed upward and slopes down into an 
inverted asymmetrical T wave,’ a concept that 
was introduced by Rykert and Hepburn.” 
Beach et al suggested that the repolarisation 
wave abnormalities of left ventricular hyper- 
trophy without coronary artery disease could 
often be distinguished from those of coronary 
artery disease by the presence of one or more of 
the following five features: depression of the J 
point, asymmetry of the T wave with rapid 
return to the baseline, terminal positivity of the 
T wave (overshoot), T wave inversion in V6 
greater than 0-3 mV, and T wave inversion 
greater in V6 than in V4.'' However, it is not 
rare in clinical practice to see ST-T abnor- 
malities associated with left ventricular hyper- 
trophy that do not fulfil these criteria of left 
ventricular strain and thus may be confused 
with those of coronary artery disease. The 
latter issue is further complicated by the fact 
that patients with left ventricular hypertrophy 
and ST-T abnormalities are more at risk of 
coronary artery disease than those who do not 
have abnormal repolarisation.’ 

In this study 15/24 (63%) of the patients had 
asymmetrical ST segment depression (convex 
upward and sloping downwards) and 14/15 
(95%) of these patients had asymmetrical T 
wave inversion. However, flat ST segment 
depression with asymmetrical T wave inver- 
sion was observed in other (5/24, 21%) patients 
with left ventricular hypertrophy and normal 
coronary arteries. Furthermore, isolated T 
wave changes (asymmetrical or symmetrical 
inversion) were seen in four of the 24—\that is, 
16% of the repolarisation wave abnormalities 
associated with left ventricular hypertrophy 
and normal coronary arteries. 

The mechanism for these ST-T abnor- 
malities that do not accord with the definition of 
left ventricular strain is difficult to explain but it 


, is well established that myocardial ischaemia 


may present on the surface electrocardiogram 
as flat ST segment depression, flat T waves, 
symmetrical T inversion, or non-specific ST-T 
abnormalities.'* None of these patients was 
taking digitalis or had electrolyte disturbances 
to account for the ST-T changes. Further- 


- more, the absolutely normal coronary arteries, 


documented by coronary angiography, exclude 
coronary artery disease as a possible explana- 
tion. However, left ventricular hypertrophy 
with normal coronary arteries is a known cause 
of angina pectoris presumed to be due to an 
abnormal coronary reserve which leads to 
relative coronary insufficiency.” Therefore, the 
most likely explanation for flat ST segment 
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Variable patterns of ST-T abnormalities in patients with left ventricular hypertrophy and normal coronary arteries 


ay 


` 





anatomic correlations in 319 cases. Am Heart J 1964; 


68:173-82. 
2 Devereux RB, Reichek N. Repolarisation abnormalities of 


We conclude that typical left ventricular 
strain defined as asymmetrical ST segment 
J depression (<0-1 mV, 40 ms after the J point) 
with T wave inversion occurs in approximately 

of ventricular hypertrophy: a computer study of ECG- 


two thirds of patients with left ventricular 


non-specific ST-T abnormalities in these 
1 Carter WA, Estes EH. Electrocardiographic manifestations 


- patients with left ventricular hypertrophy and 

normal coronary arteries. 

a and normal coronary arteries, 

with T wave inversion being asymmetrical in 
i T 95% of these patients and that flat ST segment 
1: depression with or without T wave inversion, 


and isolated T wave changes can be produced 


by left ventricular hypertrophy without coron- 


ary artery disease. 
We thank Prof S M Cobbe, Prof A R Lorimer, Prof J H 


McKillop, Dr F G Dunn, and Dr I Hutton for allowing their 
patients to be studied and/or for their co-operation in other 


such as interstitial fibrosis, as a cause of primary 
aspects of this work. 





It shows 


mainly asymmetrical T wave inversion in the anterolateral leads without ST depression. 


trophy 


J: 


alad 


162-3 


of 


ventricular 


caused by hypertension (echocardiographic left ventricular mass 


Figure 4 Bicones af a 45 year old man with left 


. Clinical, echocardicgraphic 


left ventricular hypertroph 
and haemodynamic orrie. J Elsctrocardiol. 1982; 


ells ets eal ae Gidea Bi eo De eS 
ae a a aa apie e i 
ee Fess Ee ares Ste Se alkat: aia 


Se es 


es o Se 
oe oe 


TEE eE E 
o E 
et e ee ee ee i 
oo n BN 
i futile 


ER 


er teed ine 





ee 


ae 
Lab 
ae hi 
are ath 
APER 
EE 
ESKAI 
ea Tg 
ELIE 
Eh 
deale 
high 
Magai 
EATE 
ia 
ae 
BA 
E 
Sle 
AS 
oan 5 mca re a pe year old man with a aortic en disease and 


15:47-54. 


ASSES eee PAE ew a 
Reece reece eco 
ee pes SNS alee 
mo eee. pale 


8 eS oe 


ee E ad 
eae eggs 2 E 5 EERE as TAE 
apecgad G IESS dagie T pends 
pases 2 Egat aozi Gb pn 
R EE JESP = gazes 
: TER ae AER i wes SS 
Har ARSL Z ITF 5 Apo as 
guises 2 GCae aisle? gs yeas’ 
Hans Gai Lae PEN? 

8 oe g FE: CRPE ERETI EP 
og EDET Goede acm BERAS sede sas 
ge 838 E AF ap wee ee a8 3 SEER 
39 FER: Asda std gerd » EEEE 
FIEF E EE PEEEEEEIIEEEE EEE 
setts e i 

an bee E FEERNTE 

i E it Spig Je EER TIETE 
E ea bes Beans TERENE 


Red faa Set feet 


CAERA 


patients with left ventricular hypertrophy and 
normal coronary arteries is probable latent 
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arteries. It shows T wave inversion without significant ST segment 


depression in the anterolateral leads. His echocardtographic left ventricular mass was 


155 g/m. 


normal coronary 


- 


SE. Chest pain and normal coronary arterics—-role of 
small coronary arteries. Am J Cardiol 1985;55:50B—60B. 


Grune and Stratton, 1986:147~225. 


13 Cannon RO, Leon MB, Watson RM, Rosing DR, Epstein 


tricular strain. However, we cannot rule out a 
structural abnormality in the myocardium, 


myocardial ischaemia or a variant of left ven- 
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Negative extrathoracic pressure ventilation for 
phrenic nerve palsy after paediatric cardiac 


surgery 


J Raine, M P Samuels, Q Mok, E A Shinebourne, D P Southall 


Abstract 

Objective—To investigate the 
feasibility of negative extrathoracic 
pressure ventilation as a respiratory 
support following phrenic nerve palsy 
after cardiac surgery. 

Design-—An uncontrolled pilot study. 

Patients—14 patients aged one week to 
30 months (median 5:3 months) with 
phrenic nerve palsy diagnosed by 
phrenic nerve conduction tests and dia- 
phragmatic electromyograms. Four had 
bilateral and 10 unilateral palsy. Before 
treatment all required oxygen and 10 
were receiving positive pressure ventila- 
tion. One of the patients with bilateral 
and four of the patients with unilateral 
palsies had undergone a plication before 
negative pressure ventilation was 
started. 

Intervention—Treatment was started 
6-65 days (median 23) after operation 
with a newly designed system which in- 
cluded a Perspex chamber, which gave 
easy access to the child, and an elastic 
latex neck seal. Continuous negative 
pressure was used in conjunction with 
intermittent positive pressure ventila- 
tion while continuous or intermittent 
negative pressure ventilation was used in 
extubated infants. 

Results—All four patients with 
bilateral palsy survived with long-term 
intermittent negative pressure ventila- 


. tion and did not require further surgery. 


Of the 10 with unilateral lesions, seven 
required no further surgery, two under- 
went plication, and one had a re-plica- 
tion. Three patients with unilateral palsy 
died of non-respiratory causes. The 
duration of positive pressure ventilation 
after starting negative pressure ranged 
from 0 to 23 days (median 6). Treatment 
with negative pressure lasted for 3~241 
days (median 32) and was predominantly 
administered off the intensive care unit, 
including at home. 

Conclusions—Negative pressure ven~ 
tilation may be an alternative to positive 
airway pressure ventilation in the 
management of phrenic nerve palsy. A 
multicentre randomised controlled trial 
is now required to assess further the role 
of negative pressure ventilation in 
phrenic nerve palsy. 


Phrenic nerve palsy is a complication of sur- 
gery for congenital heart disease’ that can 
cause respiratory failure and necessitate pro- 
longed ventilation via an endotracheal tube or 
a tracheostomy.’ These techniques contribute 
to the development of infections of the lower 
respiratory tract, often in the atelectatic lung 
adjacent to the paralysed diaphragm, thus 
further prolonging the need for respiratory 
support. The younger the child the more 
marked the respiratory compromise. This is 
due to the infant’s greater reliance on the 
diaphragm for breathing in the presence of a 
relatively horizontal rib cage, a compliant 
chest wall, and a recumbent posture.** Treat- 
ment of phrenic nerve palsy is initially con- 
servative but if the patient cannot be weaned 
from positive airway pressure ventilation or 
has a persistent oxygen requirement, dia- 
phragmatic plication is usually performed.’ 
However, this surgical procedure does not 
always ameliorate the respiratory failure, 
which may require treatment for weeks or 
months even in patients in whom the nerve 
injury is temporary. 

We report our findings in 14 patients with 
phrenic nerve palsy, some of whom had 
undergone diaphragmatic plication. Negative 
extrathoracic pressure ventilation was used 
with the aim of providing respiratory sup- 
port without the need for a plication or re- 
plication, long-term endotracheal intubation, 
or tracheostomy. 


Patients and methods 

PATIENTS 

The table shows the clinical details of the 14 
patients with phrenic nerve palsy who were 
treated with negative extrathoracic pressure 
ventilation between July 1987 and March 1990. 
In all patients the diagnosis of phrenic nerve 
palsy was based on the observation of paradox- 
ical abdominal movement during spontaneous 
respiration, fluoroscopic and/or ultrasonic find- 
ings of an elevated raised hemi-diaphragm with 
paradoxical movement on spontaneous breath- 
ing, and impaired phrenic nerve latencies and 
diaphragmatic electromyograms. Before treat- 
ment with negative pressure, all 14 patients 
were receiving oxygen and 10 were receiving 
intermittent positive pressure ventilation. The 
four infants who were breathing spontaneously 
had been weaned off positive airway pressure 
respiratory support 1—7 days (median 1) before 
negative pressure treatment was started. 
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Table 1 Patient details before and after the start of ventilation by negative extrathoracic pressure (VNEP) 
Duration of Duration of Phication} 
Patient Site of IPPV before IPPV after Duration of replication 
No Diagnosts Surgery PNP Plication VNEP (days) VNEP (days) VNEP (days) ter VNEP Survival 
1 TGA, VSD, PS Right B-T shunt Right Yes 22 3 9 Y Dead 
2 TGA Mustard’s procedure Bilateral No 24 16 97 No Alive 
3 TGA, VSD,PS,PDA Left B-T shunt Left Yes 7 0 T7 No Alive 
4 TGA, PS Right B-T shunt Right Yes 25 23 13 No Dead 
5 TOF Full repai Left No 5 8 3 Yes Alive 
6 TGA Senning’s procedure Bilateral Yes 4} 4 233 No Alive 
7 TOF Full repair Left Yes 20 10 6 No Dead 
8 TGA, VSD, ASD, Arterial switch Left No 23 7 61 No Alive 
previous PA banding, Closure of VSD 
ligation of PDA and 
ó E of coarctation 
Arterial switch Left No 12 0 5 N 
10 TGA, VSD Mustard’s procedure Left No 57 0 11 No Alive 
11 TGA, VSD, PDA Arterial switch Left No 15 0 24 No Alive 
12 Anomalous left Full repair Bilateral No 36 7 24) No Alive 
TGA Arterial switch Bila 
13 T ial swit lateral No 34 10 165 N i 
14 TGA, VSD, Mustard’s Relief of pulmonary Right No 18 5 40 Yes Alive 


procedure at | year 


venous obstruction 


ASD, atrial septal defect; B-T, Blalock-Taussig; PDA, patent ductus arteriosus; PNP, phrenic nerve palsy; PA pulmonary artery; PS, pulmonary stenosis; 
TOF, tetralogy of Fallot; TGA, transposition of great arteries; VSD, ventricular septa! defect; IPPV, intermittent positive airway Satie hte ventilation. poe 


The indication for negative extrathoracic 
pressure ventilation was difficulty in weaning 
from positive pressure ventilation or, in those 
breathing spontaneously, a persistent or 
increasing oxygen requirement and respiratory 
distress. The timing of the start of treatment 
was partly dependent on the availability of 
equipment. Ages at the start of treatment 
ranged from one week to 30 months (median 
5-3 months) and weight from 2:3 kg to 10 kg 
(median 5'3 kg). Negative pressure treatment 
started 6-65 days (median 23) after cardiac 


surgery. 


METHODS 

The system for applying negative extrathoracic 
pressure ventilation (Horner and Wells, DHB 
Tools) has been described in detail elsewhere.® 
In brief, it consists of a Perspex chamber that 
encloses the patient from below the neck. The 
chamber is made airtight by a latex neck seal 
that is placed over a polo-necked stockinet vest 
on the infant. Routine, access was via two 
portholes on each side of the chamber. Foam 
gaskets on the inside of these portholes formed 
a seal round the arms enabling the negative 
pressure to be maintained while routine care 
was being administered. Emergency access 
could be gained by undoing two quick-release 
catches at the side of the chamber, thus allow- 
ing the lid of the chamber to swing upwards, to 
givé easy and rapid access to the infant. 

In intubated patients receiving positive pres- 
sure ventilation, continuous negative extra- 
thoracic pressure was applied at pressures of 
— 6 to — 8 cm water. At the same time, the 
peak inspiratory pressure was reduced by the 
magnitude of the negative pressure used and 
the end-expiratory pressure was reduced as 
close as possible to zero. For example, an infant 
receiving peak inspiratory/end expiratory pres- 
sures of + 26/4cm H,O would change to 
+ 18/0 cm H,O immediately before a contin- 
uous negative pressure of — 8 cm FLO was 
applied. If continuous negative pressure had to 
be stopped temporarily, the reverse pressure 
changes wére made. 


Immediately after extubation, intermittent 
negative pressure ventilation was started. It 
was also used to avoid reintubation in patients 
who were breathing spontaneously and had 
deteriorated despite continuous negative pres- 
sure. During intermittent negative pressure, 
peak pressures of — 30 to — 40 cm H,O were 
used with end expiratory pressures of — 6 to 
—8cm H,O. Extubated patients were 
gradually weaned from intermittent to contin- 
uous negative extrathoracic pressure. As the 
patient’s condition improved the chamber was 
opened every 4-12 hours for feeding and 
parental contact and the patient spent in- 
creasingly longer times out of the chamber. 

Parents were encouraged to take part in 
nursing their child both in and out of the 
chamber. When treatrnent was to continue at 
home parents were trained to use the negative 
pressure respiratory support system and were 
provided with a transcutaneous oxygen mon- 
itor (Kontron 821S, Watford) specially modi- 
fied for home use.’ 

Phrenic nerve testing is a useful bedside 
technique for the diagnosis of nerve injury and 
resultant diaphragmatic palsy. The details of 
the technique have been described elsewhere.* 
It involves percutaneous stimulation of the 
phrenic nerves in the neck and recordings of 
the diaphragmatic compound muscle action 
potential as electromyograms from surface 
electrodes. The diagnosis of phrenic nerve 
injury is based on the assessment of delayed 
phrenic’ nerve latency (conduction time) or an 
absent diaphragmatic electromyogram despite 
repeated phrenic nerve stimulation. 

Diaphragmatic plication was performed by 
standard techniques.’ ° 


Results 

The table outlines the results of treatment with 
negative pressure. All four children with 
bilateral phrenic nerve palsy survived after 
long-term intermittent negative pressure ven- 
tilation and did not receive further surgery. 
After the start of negative pressure in the 10 
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patients with unilateral phrenic nerve palsies, 
seven recovered without further surgery, two 
had plication, and one a re-plication. One of the 
three patients who had a plication could not be 
extubated and underwent a further period of 


treatment with negative pressure after this | 


operation. Plication was performed in all 
three cases because respiratory failure con- 
tinued despite respiratory support with 
negative pressure. 

Three of the patients with unilateral palsy 
died: one from candidal septicaemia, one intra- 
operatively during a pulmonary artery band- 
ing, and one after a cardiac arrhythmia which 
led to a cardiac arrest. 

The length of positive pressure ventilation 
after the start of negative extrathoracic pres- 
sure ventilation ranged from 0 to 23 days 
(median 6). Treatment with negative pressure 
lasted from three to 241 days (median 32). The 
patients required intensive care for 14-99 days 
(median 38) and treatment in hospital for 26- 
186 days (median 75). Three patients with 
bilateral phrenic nerve palsy continued treat- 
ment at home for 93, 108, and 113 days. 

There were no statistically significant dif- 
ferences in the total duration of respiratory 
support with either positive or negative pres- 
sure or between the five patients who had 
undergone a plication before negative pressure 
treatment and those who had not (Mann- 
Whitney U test). 

Two of the 14 patients temporarily 
developed sore necks as a result of intermittent 
negative pressure treatment but in neither case 
did this necessitate discontinuation of the treat- 
ment. There were no other complications. 

Phrenic nerve conduction studies were 
repeated at intervals according to the patient’s 
respiratory state and the frequency of their 
outpatient attendances. These studies were 
useful in assisting in decisions about the dura- 
tion of treatment and the prognosis. Nine of the 
14 patients recovered normal phrenic nerve 
latency and diaphragmatic electromyograms at 
1-5 to 25 months (median 15) after operation. 
The three patients who died showed no 
recovery in phrenic nerve conduction by the 
time of death, one patient showed no recovery 
10 months postoperatively, and one was lost 
to follow up. Most patients showed clinical 
evidence of improvement before electro- 
physiological evidence of recovery. 

At follow up, 2-22 months (median 9-5) after 
the end of the negative pressure treatment, the 
11 surviving patients showed clinically normal 
respiratory function. 


Discussion 

Retrospective studies have reported phrenic 
nerve palsy in 1-2% of patients after surgery 
for congenital heart disease.'* In a prospective 
study in which we used percutaneous stimula- 
tion of the nerve to confirm phrenic nerve 
injury, this complication was found in 10% of 
cases." The probable reason for the under- 
diagnosis of phrenic nerve palsy is that many 
children with abnormal electrophysiological 
studies do not have apparent clinical manifesta- 
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tions. In addition, the non-specific nature of 
clinical signs, such as a raised hemi-diaphragm 
on the chest radiograph, may result in the 
diagnosis not being considered. The use of 
phrenic nerve testing and the analysis of the 
terminal latencies and diaphragmatic elec- 
tromyograms were helpful in diagnosis and in 
assessing the degree of recovery. 

A mortality of between 10% (three of 32 
cases)’ and 36% (four of 11 cases)’ has been 
reported in children with congenital heart 
disease and unilateral palsies. There are no data 
on mortality in bilateral palsies’® but they 
would probably show an even higher incidence. 

The use of negative extrathoracic pressure 
ventilation as a form of respiratory support 
dates back to the last century.’ A previous case 
report describes the use of this treatment in an 
infant with diaphragmatic paralysis after a 
birth injury." Both positive airway pressure 
ventilation and continuous negative extra- 
thoracic pressure can help to stabilise the 
paralysed diaphragm and thereby prevent it 
from encroaching on tidal volume by paradox- 
ical motion. However, negative pressure has 
two advantages over positive pressure res- 
piratory support given through an endo- 
tracheal airway. Firstly, negative pressure sup- 
port is non-invasive and may obviate the need 
for endotracheal intubation or tracheostomy; 
both are techniques that increase the risk of 
introducing pathogens into the lung. More- 
over, because diaphragmatic paralysis may 
impair the ability to clear secretions, the risk of 
infection is particularly high in intubated 
patients with phrenic nerve palsy. Secondly, 
negative pressure has important theoretical 
haemodynamic advantages. Positive airway 
pressure ventilation may decrease venous 
return to the right side of the heart, increase 
pulmonary vascular resistance, and reduce pul- 
monary blood flow.” A reduction in pulmonary 
blood flow may be particularly deleterious after 
cardiac surgery, especially when pulmonary 
blood flow is already compromised. The use of 
positive pressure ventilation in conjunction 
with continuous negative pressure, as outlined 
above, can lead to a fall in mean airway and 
mean intrathoracic pressures. The fall in mean 
intrathoracic pressure would in turn be expec- 
ted to improve systemic venous return and 
pulmonary blood flow. However, in lesions with 
a left to right shunt such as a ventricular septal 
defect, increased pulmonary blood flow may be 
disadvantageous in that it might precipitate or 
exacerbate pulmonary oedema. This potential 
complication was not identified in any of our 
patients. 

Nasal continuous positive airway pressure is 
less invasive than endotracheal intubation and 
could be considered an alternative to negative 
pressure treatment. However, ventilation with 
such a system is less practicable because the 
proportion of positive pressure reaching the 
lungs is variable and is much reduced whenever 
the patient’s mouth opens. 

The use of negative extrathoracic pressure 
ventilation in infants and children largely 
ceased in the 1970s. This was the result of 
advances in the application of positive airway 
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pressure ventilation and the technical problems 
associated with the use of negative pressure. 
The latter included difficulties in obtaining an 
adequate neck seal and in gaining access to the 
patient. Having redesigned the negative pres- 
sure chamber to overcome these difficulties we 
have re-introduced it into paediatric practice.° 

In this preliminary. and uncontrolled study 
there were no strict criteria for the initiation of 
negative pressure treatment. Treatment was 
started when the cardiologist thought that the 
child’s respiratory course was failing to 
improve despite standard treatment. 

Of the six patients with unilateral lesions 
undergoing positive pressure véntilation after 
the initiation of negative pressure, two received 
a plication and one a re-plication. Two of these 
three plications took place when only the 
continuous mode of negative pressure was 
available; that is, before the development ‘of 
intermittent negative pressure ventilation. One 
plication was, however, required despite the 
use of intermittent negative pressure ventila- 
tion. The four spontaneously breathing infants 


with unilateral lesions and the four infants with 


bilateral lesions all progressed without requir- 
ing further surgery. Thus negative pressure 


may have led to the avoidance of plication or re- 


plication in 11 of these 14 patients. 
- The four patients with bilateral lesions 


required negative pressure treatment for a- 


prolonged period of three to nine months. 
Access to the infant nursed in a negative 


pressure chamber is more limited than that in > 


an infant undergoing positive pressure res- 
piratory support. Stimulation and play and 
consequently development could therefore be 
hampered in infants requiring long-term treat- 
ment. However, as lung function improved, the 
patient was able to be taken out of the negative 
pressure chamber for progressively longer 
periods to be cuddled, played with, and 
stimulated. ‘These difficulties with access have 
to be balanced against the advantages of 
negative pressure. These include the avoidance 
of long-term intubation and its associated 
problems with infection, and the greater 
feasibility of using negative pressure support 
outside the intensive care unit and at home. 
Further improvements to the negative pres- 
sure system have recently been achieved,'* 
' including for example the development of a 
port in the base of the chamber for the insertion 
of x ray films allowing a radiograph to be taken 
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without disturbance to the negative pressure. 
Our results suggest that negative extra- 
thoracic pressure ventilation is an effective and 
practicable treatment and may be an important 
alternative to long-term positive airway pres- 
sure ventilation in infants and children with 
unilateral or bilateral phrenic nerve palsy after 
surgery for congenital heart disease. A ran- 
domised controlled trial is required to evaluate 
negative pressure ventilatory support in the 
treatment of phrenic nerve palsy and to assess 
its possible role as an alternative to positive 
airway pressure ventilation and to diaphrag- 
matic plication. 
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Cross sectional and Doppler echocardiographic 
evaluation of aortopulmonary shunts 


Yasunori Horiguchi, Satoshi Hiraishi, Hitoshi Misawa, Youtaro Agata, Seimei Nakae 


Abstract 

Background—Shunt vessels were 
imaged and shunt flow was analysed 
by cross sectional and Doppler echo- 
cardiography in 12 patients who had: had 
14 shunt procedures (nine left Blalock- 
Taussig shunts, three right Blalock- 
Taussig shunts, one modified Waterston 
shunt, and one central shunt). 

Methods—The shunt vessels were clas- 


' sified by echocardiography as uniformly 


patent, segmentally stenosed, and 
uniformly stenosed. These findings were 
compared with those of angiography. 
Also the peak flow velocities at the aortic 
and the pulmonary ends of the shunt 
vessels were measured by Doppler 
echocardiography and the ratio of these 
values was calculated for each shunt. 

‘Results—Twelve (85-7%) of 14 shunt 
vessels were imaged along their entire 
length by cross sectional echocardio- 
graphy. The two remaining shunt vessels 
were only partially imaged. In 10 
patients who also had angiography the 
echocardiographic and angiographic 
images of the shunt vessels were 
identical. The ratio of the peak flow 
velocity measured at the aortic and the 
pulmonary ends of the shunt vessel was 
significantly larger in the segmentally 
stenosed shunt vessels than in the 
uniformly patent shunt vessels 
(p < 0:001). The ratio in the two shunt 
vessels only partially imaged by cross 
sectional echocardiography indicated 
that they were segmentally stenosed. . 

Conclusiton—-The combination of cross 
sectional and Doppler echocardiography 
may be useful for determining either 
the patency or the morphology of an 
aortopulmonary shunt. 


Aorta to pulmonary artery shunts are widely 
used as a palliative treatment of congenital 
heart disease in patients with decreased 
pulmonary blood flow. Auscultation of the 
shunt murmur and analysis of the haematocrit 
and arterial blood gases have all been used as. 
indirect indicators of shunt patency. Cross 
sectional and Doppler echocardiography have 
also been used to evaluate heart function and 


anatomy at the bedside. 
We have already reported a non-invasive 
Doppler echocardiographic method of 


evaluating the shunt flow dynamics of the 
ductus arteriosus." To our knowledge, 


however, previous studies have not directly 
analysed shunt vessel morphology or the 
shunt flow.?? We have investigated the 
usefulness of cross sectional and Doppler 
echocardiography for the bedside evaluation 
of the patency and morphology of the 
aortopulmonary shunt. 


Patients and methods 

PATIENTS 

We studied 12 patients with various cyanotic 
congenital heart diseases who had shunt 
operations performed in our hospital. Two of 
them had had repeat operations because their 
first shunt operations were clinically not effec- 
tive. Diagnoses were confirmed by diagnostic 
cardiac catheterisation. The shunt operations 
were left, Blalock-Taussig shunt operation 
(nine patients), right Blalock-Taussig shunt 
(three patients), modified Waterston shunt (one 
patient), and a central shunt (ascending aorta to 
main pulmonary artery anastomosis) (one 
patient). Only one (patient 6) of the nine 
patients with a left Blalock-Taussig shunt had a 
modified Blalock-Taussig shunt operation with 
a polytetrafluoroethylene graft (table 1). 


` DOPPLER ECHOCARDIOGRAPHIC TECHNIQUE 


We used a commercially available cross 
sectional echocardiograph. Hewlett Packard 
Model 77020AC, that incorporated a pulsed 
Doppler flow meter in an ultrasonic wide angle 
phased array system. Ultrasonic frequencies of 
5 MHz (shallow focus) and 3:5 MHz were used. 
We also used continuous Doppler methods 
when aliasing occurred with the pulsed 
Doppler method. . 

The examination was performed with the 
patient in a supine position. If necessary, a 
small pillow was placed under the shoulder in 
order to extend the neck. 

Cross sectional and Doppler echocardio- 
graphic examinations were performed through 
suprasternal or high parasternal windows for 
patients with left Blalock-Taussig shunt. The 
transducer was directed to image the aortic 
arch and to search for the aortic orifice of the - 
shunt vessel, the left subclavian artery, or the 
left brachiocephalic artery. Once the orifice was 
located the distal portion of the shunt vessel 
was imaged by rotating the beam clockwise 
through 20° to 30° (fig 1). The suprasternal 
approach was also used in the patient with a 
right Blalock-Taussig shunt. The transducer 
was directed at the aortic arch in the long axis 
plane in order to detect the orifice of the shunt 
vessel. Shunt vessels could then be imaged by 
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Table 1 Data on the study patients 





Patient Sex Age Diagnosis 

] F 5 mnth TOF 

2 F 5 mnth TOF, Down's syndrome 

3 M 5yr TOF 

4 M 5 yr 6 mnth TA (la), PDA 

5 M 5 yr 10 mnth TA (la) 

6 F 9 yr 4 mnth TA (Ib) 

7 F 2 mnth TGA, ASD, VSD, Co/Ao 

S F 6 yr 5 mnth TGA, VSD, PS 

9 F 2 mnth Dextro, UVH, Malposition GA, 

PA, PDA, PLSVC, r-Ao A 

10 M 3 mnth CAVC, TGA, SA, PDA, asplenia 
1] M 3 mnth Dextro, SA, UVH, PA, PDA, r-Ao A 
12 M 8 yr 5 mnth UVH, Malposition GA, PA, PDA, 


PFO, r-Ao A 
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ASD, atrial septal defect; CAVC, common atrioventricular canal; Co/Ao, coarctation of the 
aorta; dextro, dextrocardia; l-BT, left Blalock-Taussig shunt; GA, malposition of the great 
arteries; PA, pulmonary atresia; PDA, patent ductus arteriosus; PFO, patent foramen ovale; 
PLSVC, patent left superior vena cava; PS, pulmonary stenosis; r-Ao A, right aortic arch; r-BT, 
right Blalock-Taussig shunt; SA, single atrium; TA, tricuspid atresia; TGA, transposition of the 
great arteries; TOF, tetralogy of Fallot; UVH, univentricular heart; VSD, ventricular septal 


defect. 








Figure 1 Echocardiogram of a left Blalock-Taussig shunt vessel | patient 11), 
Ao, aorta; l-Br, left brachiocephalic artery; l-BT, left Blalock- Taussig shunt vessel; 


l-CC, left common carotid artery; l-PA, left pulmonary artery. 


Figure 2 Echocardiogram of a right Blalock-Taussig shunt vessel from the suprasternal 





window (patient 7). Colour Doppler showed flow away from the transducer (blue signal) 
in the shunt vessel. A red signal was seen in the distal portion of the shunt vessel because 
of the high shunt flow velocity. Ao, aorta; r-BT, right Blalock-Taussig shunt vessel; 


Br, brachiocephalic artery; r-PA, right pulmonary artery. 


tilting the transducer by 10°~—20° laterally to the 
right (fig 2). The parasternal approach was used 
in the patient with a central shunt or modified 
Waterston shunt. The transducer was placed at 
the mid left sternal border and directed 
transversely at the ascending aorta. The shunt 
vessel was imaged beyond the transversely 
sectioned ascending aorta in the patient with a 
modified Waterston shunt (fig 3). 

Colour Doppler echocardiography was also 
used to aid the detection of the shunt vessels in 
10 patients examined towards the end of this 
study. Flow directed toward the transducer 
was conventionally coded in red and flow away 
from the transducer was coded in blue 

When the shunt vessel was detected, the 
internal diameter was measured (from inner 
edge to inner edge) with the callipers in 
corporated in the equipment and the Doppler 
sample volume was then positioned within the 
shunt vessel. The shunt flow was recorded with 
the electrocardiogram and a video recorder 
The peak flow velocity (cm/s) was measured at 
proximal and distal sites in the shunt vessels. In 
a few patients where the flow velocity at the 
distal site exceeded the highest range that could 
be recorded by the pulsed Doppler method we 
measured the peak flow velocity by the contin- 
uous Doppler method. In addition, the peak 
flow velocity at the proximal and intermediate 
sites was measured at the same time to confirm 
that the value measured by the continuous 
Doppler method was being recorded at the 
distal site. 

The peak flow velocity measured in the distal 
portion of the shunt vessel was compared with 
that measured in the proximal portion. The 
ratio between the peak flow velocity at the distal 
portion and at the proximal portion was then 
calculated. 


ANGIOGRAPHY 

Cardiac catheterisation and angiography were 
performed in 10 patients a few days after the 
Doppler and echocardiographic examination. 
The shunt vessels were selectively imaged by 
biplanar cineangiography. 


STATISTICAL ANALYSIS 

Grouped data were compared by the unpaired 
Student’s ¢ test. A p value of <0-05 was 
regarded as significant. 


Results 
Twelve of 14 shunt vessels were imaged along 
their entire length (85-7% success rate). The 


distal portions of the shunt vessels were not 
detected in two patients (cases 5 and 8, both 
with a left Blalock-Taussig shunt). In the 10 
patients who also had angiography the echo 
cardiographic and angiographic appearances of 
the shunt vessels were identical (fig 4). Figure 4 
shows the cross sectional echocardiogram of a 
left Blalock-Taussig shunt (patient 11). Shunt 
flow was detected in both the proximal and 
distal portions (fig 4). Right Blalock-Taussig 
shunts, the modified Waterston shunt, and the 
central shunt were also clearly imaged 
Stenosis of the shunt vessel was tentatively 


Modified 
Waterston 
Shunt 





Figure 3 Echocardiogram of a modified Waterston shunt (patient 12) from the 
parasternal window. The transducer was transversely directed towards the ascending 
aorta. The shunt vessel was detected beyond the ascending aorta. Ao, ascending aorta; 
r-PA, right pulmonary artery; Shunt, modified Waterston shunt. 





; 
3 
s 
s 
: 


Figure 4 Angiogram and echocardiogram of a left Blalock-Taussig shunt vessel. The 
entire shunt vessel was imaged by the cross sectional echocardiography. The shape shown 
by echocardiography was almost identical to that shown by angiography. Shunt flow was 
detected by a pulsed Doppler method not only in the proximal portion (right upper ) but 
also at the distal portion (right lower). Because peak flow velocity at the distal site was 
so high the continuous Doppler method was used to detect the shunt flow, l-BT, left 


Blalock- Taussig shunt 


vessel; l-PA, left pulmonary artery 


diagnosed when the diameter of the shunt 
vessel was less than 2:5 mm. Six of 12 shunt 
vessels had diameters of >2-5 mm along their 
entire length by cross sectional echocardio- 
graphy (uniformly patent shunt vessels). The 
diameter of four other shunt vessels was 
<2:5 mm at their distal sites (segmentally 


stenosed shunt vessels), and the diameters of 


the remaining two shunts were < 2:5 mm along 
their entire length (uniformly stenosed shunt 
vessels). 

The ratio of the peak flow velocity in the 


Horiguchi, Hiraishi, Misawa, Agata, Nakai 


distal portion to that in the proximal portion 
was 0-89-1-46 in uniformly patent shunt 
vessels (n = 6), 1:87-2:82 in segmentally 
stenosed shunt vessels (n = 4), and 1-38 and 
2-41 in the two patients with uniformly 
stenosed shunt vessels (table 2). Segmentally 
stenosed shunt vessels had significantly larger 
ratios than uniformly patent shunt vessels 
(p < 0-001). 

In the two patients in whom the distal 
portions of the shunt vessels were not imaged 
by cross sectional echocardiography (patients 5 
and 8, both with left Blalock-Taussig shunt 
the peak flow velocity was also measured by the 
continuous Doppler method at the distal sites. 
The ratio of the peak flow velocity measured by 
the continuous Doppler method in the distal 
portion to that in the proximal portion 
indicated segmentally stenosed shunt vessels. 
Angiograms in these two patients showed sten- 
osis at the distal sites. 


Discussion 

IDENTIFICATION OF THE SHUNT VESSELS 

The shunt vessels were clearly imaged by our 
cross sectional echocardiographic method, 
although in two patients the distal portion was 
not imaged. The echocardiographic and 
angiographic findings showed similar shunt 
vessel morphology. 


PATENCY OF THE SHUNT VESSELS AND FLOW 
VELOCITIES 
Continuous left-to-right shunt flow was 
detected within all the shunt vessels. Shunt flow 
velocity was measured in the proximal and 
distal portions of the 12 shunt vessels. Peak flow 
velocity was very high in the distal portion of 
segmentally stenosed shunt vessels. The ratio 
of peak flow velocity in the distal portion to the 
peak flow velocity in the proximal portion in 
this group was larger than that of uniformly 
patent shunt vessels. The ratios were 1-38 and 
2-41 in two patients with uniformly stenosed 
shunt vessels. The diameter of the left Blalock- 
Taussig shunt in the patient with a ratio of 1-38 
was 2-0 mm at the proximal portion and 1-9 mm 
at the distal portion. In the patient with a ratio 
of 2-41 the diameters were 2:1 mm and 1:3 mm 
respectively. The tapering shape of this shunt 
vessel is thought to have caused the high ratio. 
In the two patients with uniformly stenotic 
shunts, oxygenation had not improved and 
second palliative operations were performed. 
These findings indicate that measurement of 
the ratio of the peak flow velocity at the distal 
portion to the peak flow velocity at the proximal 
portion will improve the accuracy of the 
evaluation of shunt vessel morphology. 
Moreover, in the patients in whom the distal 
site could not be detected by cross sectional 
echocardiography, we were able to assess the 
segmental stenosis at the distal site of the shunt 
vessels by taking the peak flow velocity at the 
distal site to be the same value as that detected 
by the continuous Doppler method. These 
cases illustrate the usefulness of combining 
the pulsed Doppler and continuous Doppler 
methods to assess shunt vessel morphology. 
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Table 2 Ratio of the 


peak flow velocity in the 
distal portion to that in the 





Marx et al reported that continuous Doppler 
echocardiography could detect shunt flow and 
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D/P, ratio of proximal peak 
flow to distal peak flow. See 
footnote to table 1 for other 


abbreviations. 





PLANTS IN CARDIOLOGY 





Aconitine and arrhythmias 

Various species of aconite, Aconitum 
(Ranunculaceae), such as wolfsbane and 
monkshood, have been known as deadly 
poisons since the time of ancient Greece 
(Medea used aconite to kill Theseus). Soon 
after the leaf or root is eaten a characteristic 
tingling spreads over the body, the voluntary 
muscles twitch, the pulse becomes irregular 
and weak, and death inexorably follows in a few 
hours. Animal studies in the nineteenth cen- 
tury showed that the alkaloid aconitine 
produced vagal slowing followed by an 
irregular rhythm; and in 1897 S A Matthews at 
Ann Arbor, using the myocardiograph, became 
the first to show that it causes atrial and 
ventricular fibrillation (Journal of Experimental 
Medicine 1897;2:593-606). In 1909 in the first 
paper of the new journal Heart A R Cushny 
showed that it caused pulsus alternans in dogs. 

Despite its reputation aconite became a 
popular medicine and was used to treat neural- 
gia, fever, pericarditis, and nervous palpitation. 
In 1869 Sydney Ringer wrote “Perhaps no 
drug is more valuable than aconite.” But in 
1880 a patient became very ill when the source 
of his tincture was unknowingly changed to a 
different aconite root, and his physician Dr 
Meyer died after taking a dose to justify the 
safety of his prescription. 

It was the work of David Scherf that 
established the special place of aconitine in 
experimental arrhythmias. In 1947 he showed 
that when aconitine was injected into the sinus 
node of dogs it was better than faradisation in 
producing episodes ofatrial fibrillation or flutter 
that were long enough to assess the effect of 
antiarrhythmic drugs. Myron Prinzmetal used 
topical aconitine for his high-speed cine- 
matograph studies of atrial arrhythmias in 
1952. 

The family Ranunculaceae has 58 genera and 
1750 species mostly in temperate regions. 
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Aconitum napellus L. Woodville W. Medical Botany. 
London: Woodville, 1790; volurne 1: page 16. 


Many of them are poisonous because they 
contain benzyl isoquinoline and other 
alkaloids, and some species of Ranunculus 
(buttercup) cause photodermatitis. The genera 
Adonis (pheasant’s eye) and Helleborus 
(Christmas rose) contain cardiac glycosides but 
they are not used medicinally and neither are 
any other species. 

It could still be rewarding to study the 
cellular mechanism of aconitine induced 
arrhythmias. 
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Morphological study of defects. of the atrial 
septum within the oval fossa: implications for 
transcatheter closure of left-to-right shunt 


Sheila M A G Ferreira, Siew Yen Ho, Robert H Anderson 


Abstract 

Objective—-To determine the ana- 
tomical variability of the oval fossa in 
cases of atrial septal defect and to find 
out which factors might make such 
defects suitable or unsuitable for closure 
by umbrella or clamshell devices. 

Design—i00 specimens with defects of 
the atrial septum within- the oval fossa 
were studied, especially the position of 
the defects within the fossa; the area of 
the defect in relation to the total area of 
the oval fossa; the shape of the rims and 
flap valve of the oval fossa; and the 
anatomical variability in the eustachian 
and thebesian valves. 

Results-—The oval fossa was displaced 
to the mouth of the inferior caval vein in 
four cases; displaced to the mouth of 
superior caval vein in two cases; placed 
on the middle of the interatrial wall in 
43; or placed slightly towards the 
inferior caval vein in 51. Because of their 
shape 29 of the hearts were considered to 
be unsuitable for transcatheter closure 
of the defect. This was because the defect 
was too large (16 hearts); the oval fossa 
was displaced to the mouth of the 
inferior caval vein (four hearts) or to the 
superior caval vein (two hearts); lacked 
its anterior rim (two hearts); lacked the 
posteroinferior rim (one heart); because 
a thick eustachian valve was displaced 
posteriorly forming a false posteroin- 
ferior rim (one heart); or because the 
strand of insertion of the floor of the oval 
fossa was too distant from the left atrial 


aspect (three hearts). 
Conclusion—68 hearts appeared to be 
ideal candidates for transcatheter 


closure; 3 would probably have been 
suitable; but 29 were unsuitable. These 
morphological variations might explain 
why the procedure has been unsuccessful 
in so many cases. Patients should be 


‘screened before any attempt is made at 


transcatheter closure. 


In the past three decades there have been 
many advances in the use of interventional 
techniques in the treatment of congenital mal- 
formations of the heart including those of the 
atrial septum.’ Morphological studies show??? 
that not all communications that permit an 


interatrial shunt, and not even all those within 
the oval fossa, will be suitable for closure in 
this fashion. The refinements made in 
interventional cardiology, therefore, make it 
necessary to know the nature and extent of the 
morphological patterns of the oval fossa, and 
particularly of its deficiencies, which could 
interfere in closure by umbrella or clamshell 
devices. With this need in mind, we have 
investigated the variable anatomical patterns 
of deficiencies of the floor of the oval fossa, its 
muscular rims, and its relation to the other 
structures ‘separating the cavities of the right 
and left atria. In this way, we hoped to iden- 
tify difficulties that might occur during the 
introduction of catheters and the placement of 
the occluding device. We also hoped to iden- 
tify the proportion of cases that might be 
unsuitable for non-surgical closure. 


Methods 

There are 352 specimens with deficiencies of 
the oval fossa in the cardiopathological collec- 
tion of the Department of Paediatrics of the 
National Heart and Lung Institute of the 
University of London. From these we selected 
the first 100 specimens that were suitable for 
detailed analysis. 

We selected hearts of any size or age in which 
the oval fossa had not been torn by Rashkind’s 
procedure or repaired surgically. We also 
excluded any specimens in which associated 
cardiac malformations might have distorted the 
atrial septum, such as juxtaposition of the 
appendages, extreme hypoplasia of the left or 
right heart, criss-cross hearts, and so on. 
Specimens with other forms of interatrial com- 
munication (sinus venosus, ostium primum, 
and “coronary sinus” defects**) were also 
excluded. 

We measured: the longest and shortest 
diameters of each oval fossa. The radius of the 
circle was obtained by the formula (X + Y)/4. 
Afterwards we estimated the size of the fossa by 
drawing the defect within the idealised circle of 
the fossa on graph paper. In this way, we 
calculated the proportion of the floor of the 
fossa that was deficient. 

In all specimens we concentrated our des- 
criptions on the right atrial aspect of the oval 
fossa. We looked at the position of the defect 
within the fossa, the position of the fossa on the 
walls between the atria, the extension of the 
defect towards the mouths of either the inferior 


or superior caval veins, the texture and the 
pattern of the flap valve of the fossa (the septum 
primum), the shape of the muscular rim, and 
the size and texture of the eustachian and 
thebesian valves. 
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In each heart we then examined the left atrial 
aspect of the septum, noting any unusual 
muscle bands or undue proximity of the right 
pulmonary veins that might have made 


placement of a device inappropriate. 


: ; 
< 7 
| 


et 
‘ee: = 
T S 
ss 


Figure 1 Specimen showing the oval fossa (OF) 
normally situated and slightly tilted towards the inferior 


caval vein (ICV) and a widely patent foramen ovale 
(FO). 
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Figure 3 Specimen showing the oval fossa (OF) 
displaced to the mouth of the superior caval vein (SCV 
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Figure 4 Specimen showing atrial septal defect 
opened posteriorly of the oval fossa ( OF 
posterior wall of the atria. 


Figure 2 Specimen showing oval fossa displaced to the 
mouth of the inferior caval vein (ICV). Note the size of 
the anterosupertor and anteroinferior rims (arrows). 
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Results 

The youngest specimen examined came from a 
neonate of six hours, and the oldest was from a 
patient aged 35 years. There were 31 specimens 
from patients whose age was not known, but as 
far as could be judged from size most of them 
came from young children. Of the 100 hearts 
chosen for analysis, 17 had a patent oval 
foramen butno deficiency of the flap valve (fig 1). 
In 12 of the hearts the defect occupied 50% or 
more of the total area of the fossa. In four there 
was complete absence of the flap valve while, in 
the remaining 67 hearts, the size of the defect 
was less than 50% of the area of the oval fossa. 
The oval fossa was slightly tilted towards the 
mouth of the inferior caval vein in 51 hearts (fig 
1). It occupied the middle of the interatrial wall 
in 43 but was obviously displaced to the mouth 
of the inferior caval vein in four (fig 2). In the 
other two it was displaced towards the mouth of 
the superior caval vein (fig 3). 

In 99 of the hearts, the deficiency of the floor 
was directed towards the anterior rim of the 
fossa or else to the anteroinferior rim. In only 
one of the hearts was the defect found to open 
posteriorly towards the back of the atria (fig 4). 

In 83 hearts the fossa was indeed oval, with 
the longest diameter taking various directions. 
In only 17 was the fossa round. Its floor was 
very thick and muscular in 48, moderately thick 
in 27, thin in 18, showing a pattern of filigreed 
remnants in three, and virtually absent in the 
other four (table 1). Six hearts had fenestrated 
floors. In five of these the flap valve was very thin 
whereas in the remaining one it was thick. 

The shape of the rims of the fossa also varied 
considerably. The rim was well delineated all 
around the fossa in 67 hearts. In contrast, it was 
well delineated anterosuperiorly but exhibited 
a flat posteroinferior border in 21. In another 
eight of the hearts all the border was flat without 
any obvious rim. There was no anterior rim in 
two of the hearts (fig 5) and no posterior rim in 
one. In the final heart, the eustachian valve was 
so thick and posteriorly displaced that it for- 
med a false posteroinferior rim (fig 6). 

The eustachian and thebesian valves, when 
identified, could be categorised according to 
their texture, thickness, and size: namely, mus- 
cular (irrespective of size); large and thin; small 
and thin; or rudimentary (table 2). In half of the 
cases, however, we could not find the valves, 
either because they had been completely resor- 
bed, which seemed to be the situation in most, 
or because they had been removed during 
pathological examination. 

Viewed from the left atrial aspect, the fossa 
was adjacent to the right superior pulmonary 
veins in three hearts (fig 7). The strand of 


Table 1 Patterns of the floor of the oval fossa 


Pattern No 
i 
Very thick and muscular 48 
Moderately thick 27 
Thin 18 
Filigreed remnant 5 
Absent 4 
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insertion of the flap valve was far from the limits 
of the fossa in another three hearts (fig 8). 

Our observations indicated that undue dif- 
ficulties might have been encountered in closing 
the defects by means of a device in 29 hearts. In 
16 hearts this was because the defect was too 





Figure 5 Specimen showing the oval fossa in which there 
is no anterior rim to anchor a device (arrows). 





Figure 6 Specimen showing the eustachian valve (EV) 
that was unusually thick and posteriorly displaced to form 
a false posteroinferior rim to the oval fossa. 
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large, either as a consequence of complete lack 
of development of the flap valve or because the 
defect was larger than half the area of the oval 
fossa. In four hearts it was because of dis- 
placement of the fossa towards the mouth of the 
inferior caval vein (in three of these the oval 
fossa, on its left atrial aspect, was also adjacent 
to the right superior pulmonary veins), and 


Table 2 Patterns of eustachian and thebesian valves 


SSeS 





Pattern Eustachian Thebesian 
Muscular (irrespective of size) 6 2 
Large and thin 19 15 
Small and thin 10 10 
Rudimentary 15 26 
Not seen* 50 47 





*Completely resorbed or removed during pathological 
examination. 
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because it extended towards the mouth of the 
superior caval vein in two. There was no 
anterior rim and no obvious facility to anchor 
the device in two hearts and no posteroinferior 
rim in one heart where the defect was situated 
adjacent to the posterior wall of the atria. The 
eustachian valve formed a false posteroinferior 
rim to the defect in one heart. In the three 
remaining hearts, the flap valve in the left 
atrium was inserted so far from the rim of the 
fossa that it could have allowed residual flow 
after attempted closure. 

Other problems that could have caused tech- 
nical difficulties in manoeuvring the sheath 
inside the right atrium were found in three 
hearts. There was hypertrophy of the terminal 
crest in two and presence of a large and 
muscular eustachian valve in the other. In one 
further heart a slit was discovered within the 
sinus septum which if undetected would have 
remained as an additional communication bet- 








Figure 7 Specimen 
showing the oval fossa 
viewed from the left atrial 
aspect adjacent to the right 
pulmonary veins (RPV). 


ween the atria. 


Figure 8 Specimen showing the ova 





l fossa (OF) viewed from the left atrial aspect 


showing the insertion of the flap valve (arrows) Jar from its usual attachment ( arrow 


heads). 


Discussion 

Interventional cardiology has made it possible 
to close atrial septal defects in selected patients 
with devices inserted through catheters.' A 
better understanding of the types of defects in 
the oval fossa that would be suitable for closure 
by this method, and those in which such 
attempted closure may be contra-indicated. 
depends on a full understanding of the anatomy 
of the oval fossa and the surrounding tissue. 
While others have examined the anatomy of the 
rim of the oval fossa and also its proximity to 
vital structures within the atria,” the 
anatomical variability of these structures has 
rarely been considered. We carefully examined 
100 postmortem specimens and noted the size 
and variability of deficiencies of the oval fossa in 
each. 

From the right atrial aspect the atrial wall 
extends from the orifices of the superior and 
inferior caval veins to the attachment of the 
septal leaflet of the tricuspid valve. Within this 
extensive area only the oval fossa and its 
immediate rims separate the cavities of the two 
atrial chambers. Any hole outside this area is 
not, by definition, an atrial septal defect but 
rather an interatrial communication.’ By virtue 
of the more complex arrangement of such 
communications, it is only deficiencies within 
the oval fossa that, in the first instance, are likely 
to be suitable for closure by devices introduced 
on catheters. We have concentrated on defects 
in the oval fossa. 

The results of our study suggest that some 
anatomical arrangements are not amenable to 
transcatheter repair. The location of the oval 
fossa was grossly abnormal in four specimens— 
that is, situated directly in front of the mouth of 
the inferior caval vein. Not only would this 
position make it difficult to distinguish the 
defect from an interatrial communication of the 
inferior sinus venosus type, but such holes 
would also be difficult to close without imped- 
ing flow from the inferior caval vein. In these 
cases, the posteroinferior rim may be too small 
to anchor the device satisfactorily without 
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leaving a residual shunt. This was also true of 
two specimens in which the oval fossa was 
situated adjacent to-the entrance of the superior 
caval vein. 

Some studies have highlighted inadequacy of 
a muscular rim around the defect as a cause of 
embolisation of the device.'* We found five 
examples of this arrangement out of the 100 
hearts we examined. Two lacked the anterior 
rim and one lacked the posterior rim, while the 
other two, where the defect was displaced to the 
mouth of the superior caval vein, lacked the 
superior rim. 

Clinical experience has shown that. the 
diameter of the device used for attempted 
closure must be 10 to 15 mm greater than the 
area of the septal deficiency,’ or at least 1-6 times 
the diameter of the defect as determined by 
sizing with balloons at catheterisation.*> The 
defect was equal to or bigger than half the area 
of the oval fossa in 16 of these hearts. This 
would rule out attempted closure. 

‘There may also be problems if the flap valve 
on the left atrial aspect is inserted far from the 
rim of the fossa. Depending upon its extent 
such mialinsertion could also cause some 
malalignment between the oval fossa and its flap 
valve, thereby allowing a residual flow after 
placement of the occluding device. ` 

Apart from the major considerations discus- 
sed above, other minor impediments can 
prevent successful closure by a transcatheter 
technique. Thus the size, thickness, and prox- 
imity of the septal insertion of the eustachian 
valve may cause it to be “caught” by a device. 
In one heart we also found a hypertrophied 
terminal crest that formed a muscular bar 
across the right atrial cavity near its roof. Such 
an arrangement could have trapped the cath- 
eter sheath. More commonly (18 hearts), 
however, we noted that the very thin floors of 
the oval fossa could have been torn by traction 
on the sheath. 

In this study we included 17 specimens 
where the oval foramen was widely patent 
because the primary septum was not fused, but 
the flap valve itself wis not deficient. We 
included these because later the indication for 
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transcatheter closure may be broadened. It 
could be used in some particular groups of 
patients who late in life have unsaturation at the 
atrial level because of increased pressure in the 
right side of the heart, patients who have 
percutaneous dilatation of the mitral valve, a 
procedure that leaves a shunt’® at the atrial 
level, and the large number of young patients 
with a patent oval foramen in whom stroke may 
be caused by paradoxical embolism.’ 

Only 68 of the 100 hearts we examined 
appeared to be ideal for transcatheter closure. 
Three hearts would probably have been suit- 
able. In 29, however, we found anatomical 
impediments that would have countervailed 
against successful closure. It is always unwise 
to predict the impossibility of future closure on 
the basis of study of necropsied hearts, as 
shown by the apparent success of balloon 
dilatation of native coarctation despite his- 
tological studies pointing to its inadvisability. 
Our study does indicate, none the less, that, at 
least initially, great care should be exercised 
and only ideal cases should be referred for 
attempted closure of defects of the atrial sep- 
tum. 


1 Rocchini AP. Transcatheter closure of atrial septal defects: 
past, present and future. Circulation 1990;82:1044—-5, 
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Anderson RH, Macartney FJ, Shinebourne EA, Tynan 
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Severe haemolysis after transcatheter duct 
occlusion: a non-surgical remedy 


Alison M Hayes, A N Redington, M L Rigby 


Abstract 

Severe mechanical haemolysis occurred 
in a seven month old infant after the 
insertion of a 17 mm Rashkind double 
umbrella device. The placement of a 
second device 23 days after the initial 
procedure abolished haemolysis. 


Transcatheter occlusion with the Rashkind 
double umbrella device is now widely accep- 
ted as treatrnent for small and moderate sized 
arterial ducts. The reported complications 
include embolisation of the device, pseudo- 
coarctation, left pulmonary artery stenosis, 
residual shunts, and mechanical haemolysis.'”’ 
We describe a case of severe mechanical 
haemolysis resulting from incomplete closure 
after placement of a 17mm Rashkind 
occluder. Complete closure was achieved and 
the haemolysis ceased when a second 17 mm 
device was inserted. 


Case report 
A seven month old infant was referred for 
cardiac assessment because of a cardiac mur- 
mur. The clinical findings were consistent 
with a persistent arterial duct. The chest 
radiograph showed cardiomegaly and pul- 
monary plethora. Cross sectional echocar- 
diography confirmed the presence of a 
moderate sized persistent arterial duct with 
left ventricular volume overload. Cardiac 
catheterisation was performed when the child 
was 13 months old and weighed 10 kg. The 
preliminary aortogram showed a large arterial 
duct which was 6 mm in diameter. A 17 mm 
Rashkind double umbrella device was placed 
in a good position without difficulty. However, 
a further aortogram indicated some residual 
left to right flow through the duct, above the 
device (fig 1A). Doppler echocardiography 24 
hours later confirmed a small residual shunt. 
Two weeks later the child re-presented with 
pallor and a history of haematuria, jaundice, 
and vomiting. The haemoglobin was 54 g/l. 
Red cell fragments and polychromasia were 
noted on the blood film and the reticulocyte 
count was 23%. After a blood transfusion 
(haemoglobin 117 g/l) the haemolysis contin- 
ued and there was further haemoglobinuria. 
Forty eight hours later the haemoglobin con- 


centration had fallen to 95 2/1. Cross sectional 
echocardiography indicated appropriate 
placement of the original device, though the 
distal prongs could be seen projecting into the 
aorta. In view of continued severe haemolysis 
cardiac catheterisation was undertaken 23 
days after the original procedure. The initial 
aortogram showed a large residual shunt 
through the duct. A second 17 mm RKashkind 
double umbrella was placed without com- 
plication (fig 1B). Initial Doppler studies after 
the procedure showed a trivial residual shunt 
which on review at one month had disap- 
peared. There was no further haemolysis. The 
haemoglobin concentration one month after 
the second procedure was 131 g/l and the 
reticulocyte count was 0-8%. 


Discussion 

There have been two previous reports of 
severe mechanical haemolysis after percutan-~ 
eous transcatheter duct occlusion.” * In one the 
device was removed surgically and the duct 
was ligated.” It was thought that the 
haemolysis in this patient, who also had a 
small “residual leak”, may have been related 
to the poor position of the device, with the 
proximal arms impinging on the left pulmon- 
ary artery. This was not true of our patient. It 
is much more likely that red cell destruction 
was caused by a high velocity jet of blood 
passing over or through the device within the 
duct. Furthermore, because of the late presen- 
tation we were concerned that surgical 
removal might prove difficult and possibly 
require cardiopulmonary bypass. We 
therefore elected to place a second device. The 
placement of a second device for a residual left 
to right shunt has been described 
previously.'* In the Toronto series $7% of 
patients required a second 12mm double 
umbrella because of important residual flow 
after the initial procedure. Five of the six had 
successful reocchusion. 

To our knowledge the successful use of a 
second umbrella to treat severe mechanical 
haemolysis has been reported only once before 
by Rohmer and colleagues when they de- 
scribed the initial experience of percutaneous 
duct occlusion in the Netherlands.’ The 
second umbrella also promptly stopped the 
haemolysis. 


Figure (A) Aortogram 
showing satisfactory 
positioning of the first 

17 mm device. There was a 
significant residual left to 
right shunt above the 
device (arrow). 

(B) A further aortogram 
showing two 17 mm 
Rashkind double umbrellas 
positioned in the duct. At 
this stage, immediately 
after release of the second 
device, there was a small 
residual leak through the 
fabric of the umbrellas. 
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Spontaneously acquired fistula from the right 
coronary artery to the right ventricular cavity 


S G Ray, M D Cowan, J A Kennedy 


Abstract 

A 47 year old man developed a fistula 
from the right ventricular branch of the 
right coronary artery to the right ven- 
tricular cavity in association with distal 
occlusion of the main trunk of the right 
coronary artery. There was no clinical or 
electrocardiographic evidence of acute 
myocardial infarction. 


The development of coronary artery fistulas 
after myocardial infarction has been reported 
but is very rare.'” We report a case of an 
acquired right coronary artery fistula to the 





Figure 1 60° Left anterior oblique view of the right 
coronary artery in 1982. 





Figure 2 


right ventricie in association with arterial 
occlusion but without electrocardiographic 
evidence or a clinical diagnosis of myocardial 
infarction. 


Case report 

A 42 year old white man presented in 
November 1982 with an anterior myocardial 
infarction. Left ventricular angiography in the 
convalescent period showed a small antero- 
apical aneurysm but good global ventricular 
function. At coronary angiography there was a 
50% diameter stenosis in the left anterior 
descending artery and minor atheromatous 
change in the right coronary artery (fig | 
Medical treatment was continued and he 
made an uneventful recovery and subse- 
quently did not attend for follow up examina- 
tion. 

In May 1987 he was readmitted with pro 
longed ischaemic chest pain brought on by 
exercise. There was no evidence of myocardial 
infarction and his resting electrocardiogram 
was unchanged from that in 1982. Exercise 
testing showed considerable inferior 
ischaemia, and he underwent repeat cardiac 
catheterisation in April 1988. On this occasion 
there was considerable hypokinesia of the 
inferior and posterior portions of the left ven- 
tricle. There was a 70% diameter stenosis of 
the left anterior descending artery and a 50% 
diameter stenosis of the obtuse marginal 
branch of the circumflex artery. The 
previously dominant right coronary artery was 
occluded (fig 2) and filled to the crux from the 
left. There was a tight stenosis of the right 
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60° Left anterior oblique view of the right coronary artery in 1988 showing the occluded main trunk of the 


artery, the dilated first right ventricular (RV) branch and the abnormal leash of vessels draining directly into the right 


ventricular cavity. RCA, right coronary artery. 
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coronary artery just distal to its first right 
ventricular branch, which was considerably 
dilated and (together with several smaller ves- 
sels) was feeding an abnormal leash of vessels 
draining directly into the right ventricular 
cavity. 

He underwent coronary artery bypass graft- 
ing. At operation there was no suggestion of a 
tumour and the inferior surface of the heart 
was free of important scarring, which accor- 
ded with the lack of electrocardiographic or 
clinical evidence of a second infarct. The 
dilated first right ventricular branch of the 
right coronary artery was identified and tied off 
distally. No other abnormal vessels could be 
visualised. 


Discussion 

We are aware of one report of an angiography 
documented acquired coronary artery fistula 
after myocardial infarction in which a fistula 
developed from the diagonal branch of the left 
anterior descending artery and communicated 
with the left ventricular cavity.’ At rest our 
patient had considerable wall motion abnor- 
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mality in the territory of the right coronary 
artery but no history or electrocardiographic 
changes suggestive of infarction. Chronic 
ischaemia produced by progressive occlusion 
of the right coronary artery could have caused 
the wall motion abnormality while at the same 
time acting as the stimulus for the develop- 
ment of collateral vessels from the first right 
ventricular branch. Aberrant development of 
collateral vessels then led to fistula formation. 
Myocardial ischaemia in patients with con- 
genital and acquired coronary artery fistulas 
has been attributed to coronary steal.’ The 
development of the fistula in our patient could 
have coincided with the worsening of 
ischaemia and his readmission in 1987. 


We thank Mr M P G Jamieson for permission to report the 
surgical findings. 


1} Yu R, Sharma B, Franciosa JA. Acquired coronary artery 
fistula to the left ventricle after acute myocardial infarction. 
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2 Ryan C, Gertz EW. Fistula from coronary arteries to left 
ventricle after myocardial infarction. Br Heart J 1977; 
39:1147-9, 

3 Wilde P, Wart I. Congenital coronary artery fistulae: six new 
cases with a collective review. Clin Radiol 1980;31:301-11. 


Familial dilated cardiomyopathy—not so rare 


We all know that inheritance plays a part in 
dilated cardiomyopathy: the question is how 
big a part. This study from the Mayo Clinic 
suggests that one in five patients with dilated 
cardiomyopathy will have one or more relatives 
who fulfil the diagnostic criteria for dilated 
cardiomyopathy. The prevalence of familial 


disease is likely to be greater than the 20% 
reported, as an additional 28 patients (9% 
from 22 families were considered to be of 
indeterminate status. There are no clinical 
features that distinguish familial from non- 
familial disease. 


WILLIAM J McKENNA 





Br Heart J 1992;67:325-33 


325 


i tit 
RESUSCITATION 


Task force co- 


chairmen 

Douglas Chamberlain 
Richard O Cummins 
Task force members 
Norman Abramson 
Mervyn Allen 

Peter Baskett 

Lance Becker 

Leo Bossaert 
Herman Delooz 
Wolfgang Dick 
Mickey Eisenberg 
Thomas Evans 

Stig Holmberg 
Richard Kerber 
Arsene Mullie 

Joseph P Ornato 

Eric Sandoe 

Andreas Skulberg 
Hugh Tunstall-Pedoe 
Richard Swanson 
William Thies 
Additional contributions 
Tore Laerdal 

Peter Safar 


Accepted for publication 
8 January 1992 


Recommended guidelines for uniform reporting 
of data from out-of-hospital cardiac arrest (new 


abridged version) 


The “Utstein Style” 


Prepared by a task force of representatives from the European Resuscitation Council, 
American Heart Association, Heart and Stroke Foundation of Canada, and Australian 


Resuscitation Council 


I Introduction 

Representatives from the European Resusci- 
tation: Council and the American Heart 
Association met on two occasions in 1990 to 
establish uniform terms and definitions for 
out-of-hospital resuscitation. The first meet- 
ing took place at the historic Utstein Abbey 
near Stavanger in Norway; the second (which 
also included representatives of the Heart and 
Stroke Foundation of Canada and the Aus- 
tralian Resuscitation Council) was in Surrey, 
England. 

The European Resuscitation Council was 
formed in August 1989 as a multinational and 
multidisciplinary group that includes repre- 
sentatives from the European Society of 
Cardiology, the European Academy of Anaes- 
thesiology, the European Society for Intensive 
Care Medicine, and related national societies. 
The other three major participating organisa- 
tions have a long tradition of involvement in 
matters relating to resuscitation. 

Resuscitation has become an important 
multidisciplinary branch of medicine, calling 
for a range of skills and attracting a plethora of 
specialities and organisations. Each of these 
organisations claims a legitimate interest in 


` the science and practice of resuscitation. This 


complex background ` has hindered the 
development of consistent terminology. 
Moreover, no uniform pattern exists for 
reporting results. Different systems cannot 
readily be compared or contrasted because 
data are rarely compatible. 

The new recommendations are intended to 
promote more effective exchange of informa- 
tion and to improve international audit. The 
“Utstein style” is the designation favoured by 
the participants. It comprises a glossary of 
agreed terms and a template for reporting 
resuscitation attempts relating to out-of- 
hospital cardiac arrest. The template covers a 
list of events that should be included in 
reports, definitions of time points and time 
intervals related to cardiac resuscitation, and 
recommendations for the description of emer- 


gency medical resuscitation systems. ‘This 
article presents a modified and abridged ver- 
sion of the agreement relating to the Utstein 
style. The full report with appropriate 
references has been (or will be) published in 
five national and international journals that 
have special relevance to resuscitation.” The 
abridged version will also be published 
elsewhere. The Utstein document, or sec- 
tions of it, will be subject to further revision if 
necessary. 


II Glossary of terms 

The nomenclature of cardiac arrest presents a 
classic problem in semantics—the same term 
has different meanings for different people. 
The Utstein definitions and recommendations 
attempt to solve this problem by presenting 
consensus definitions. The 11 items included 
in the international glossary were chosen 
because they gave rise to misunderstandings 
during the conference. Common definitions 
were agreed as a preliminary step to achieving 
compatibility in reporting results. 

Cardiac arrest is the cessation of cardiac 
mechanical activity, confirmed by the absence 
of a detectable pulse, by unresponsiveness, 
and by apnoea (or agonal, gasping respira- 
tions). For the purposes of the Utstein style 
no comment on time or “suddenness” is 
recommended. 

Cardtopulmonary resuscitation (CPR) is a 
broad term meaning the act of attempting to 
achieve restoration of spontaneous circulation. 
CPR is an action: it can be successful or 
unsuccessful and basic or advanced (see 
below). 

Basic CPR is the act of attempting to re- 
store an effective circulation using external 
compressions of the chest wall plus inflation of 
the lungs with expired air. Rescuers can 
provide the ventilation through airway adjun- 
cts and face shields appropriate for use by the 
lay public. This definition excludes the bag 
valve mask, invasive techniques of airway 
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maintenance such as intubation of the airway, 
and any airway devices that pass the pharynx. 

Basic cardiac life support This term, 
especially in the United States, has an expan- 
ded meaning beyond the term basic CPR. It 
includes an entire educational programme that 
provides information about access to the 
emergency system and recognition of a cardiac 
arrest, as well as basic CPR. 

Advanced CPR, advanced cardiac life sup- 
port, ACLS These terms refer to the act of 
attempting to restore spontaneous circulation 
by using basic CPR plus advanced airway 
Ianagement and ventilation techniques, 
defibrillation, and intravenous or endotracheal 
medications. 

Bystander CPR, lay responder CPR, citizen 
CPR Of these synonymous terms the consen- 


sus conference preferred bystander CPR.. 


This is basic CPR performed by someone who 
is not part of an organised response system. In 
general this will be the person who witnessed 
the arrest. In certain situations, therefore, 
physicians, nurses, and paramedical staff may 
perform bystander or (more appropriately) 
professional first-responder CPR. 

Emergency personnel are individuals who 
respond to a medical emergency in an official 
capacity as part of an organised response 
team. By this definition physicians, nurses, or 
paramedical staff who witness a cardiac arrest 
in a public setting and initiate CPR but who 
have not responded to the event as part of an 
organised team are mot emergency personnel. 

Cardtac aetiology (presumed) Treatment of 
cardiac arrest presumed to be due to heart 
disease represents the principal activity of 
most pre-hospital emergency systems. It is 
impractical for researchers to determine 
accurately the specific cause of cardiac arrest 
for all attempted resuscitations. For the pur- 
poses of the Utstein reporting template 
researchers should classify cardiac arrests as 
having a presumed cardiac aetiology if this 1s 
likely on the basis of all available information. 
This is often a diagnosis by exclusion. 

Non-cardiac aetiology While this represents 
a disparate collection of causes, they are often 
obvious and readily determined. Specific sub- 
categories include sudden infant death syn- 
drome, drug overdose, suicide, drowning, 
hypoxia, exsanguination, cerebrovascular 
accident, subarachnoid haemorrhage, and 


trauma. 
Automated external defibrillators (AEDs) 


This generic term refers to defibrillators that . 


perform rhythm analysis of the patients’ sur- 
face electrocardiogram to detect ventricular 
fibrillation or rapid ventricular tachycardia. 
The information provided to the operator is 
usually presented as “‘shock” or “no shock 
indicated”, leaving the operator to trigger the 
electrical discharge. 

Times v intervals lmprecision and inconsis- 
tency in the use of times and intervals has 
produced much confusion and misunderstan- 
ding in publications about cardiac arrest. The 
word imterval, rather than time, refers to the 
period between two events. The definition of 
the interval should be clear from the expres- 
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sion used, and not be dependent on emer- 
gency jargon. The format for expression of 
intervals should be event-(to)-event interval, 
with an explicit statement of the two relevant 
events. 


lil Template for reporting data from 
cardiac arrest 

CORE DATA AND OPTIMAL DATA 

The Utstein pattern for reporting results of 
resuscitation attempts should enable workers 
in all countries to have data in a format that 
permits national and international comparisons 
and audit. Until now, disparity in definitions 
and lack of uniformity in clinical variables have 
led to difficulties and misunderstandings that 
have hindered progress. But resources, 
research intentions, and opportunities for 
publication vary widely; it follows that some 
reports will be much more detailed than others. 
The concept of core and optimal data was 
therefore introduced. The intention is to 
encourage all workers in the field to obtain what 
we regard as minimal information to provide 
core data for the evaluation of pre-hospital 
resuscitation schemes. Other workers engaged 
in key projects of major epidemiological impor- 
tance are likely to seek more detailed informa- 
tion and that too should be in a format that 
permits comparisons. These more comprehen- 
sive requirements have been collated into a set 
of optimal data. Some studies, inevitably, will 
fall between these extremes; all data can be 
evaluated provided they are based on agreed 
definitions and fall within the patterns that are 
proposed. Similarly, even reports with less 
than core data can provide a useful contribu- 
tion if agreed definitions are used. This report 
will emphasise particularly the core data that 
are requested for all publications on pre hosp- 
ital resuscitation because only specialised 
workers will be likely to collect more. All witha 
major interest in the epidemiology or practice 
of resuscitation should consult the full publica- - 
tions!” before designing protocols. 


THE TEMPLATE APPROACH 

The consensus conference participants recom- 
mended the ‘template approach for reporting 
data relating to the pre-hospital management of 
victims of cardiac arrest. Figure 1 shows the 
outcome information that researchers should 
include in their reports. The top bar represents 
the total of all victims on whom resuscitation 
attempts were made by emergency personnel. 
But the true denominator for evaluating the 
success rate of resuscitation is the total of the 
patients with a verified cardiac aetiology for 
their arrests; those with non-cardiac causes 
form a heterogenous group who would 
introduce too many confounding variables that 
would differ from one scheme to another. Many 
consider that the best test of the efficiency of a 
system is the result obtained in the treatment of 
witnessed cardiac arrest from ventricular 
fibrillation. Figure 1 also shows how the den- 
ominator falls from level to level down to the 
minority who survive one year after resuscita- 
tion. 
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Figure 1 Utstein I] 
recommendations on data 
to be reported on cardiac 
arrest resuscitation. 
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Figure 2 shows the Utstein style template for 
full data collection on cardiac arrest. The 
template calls for a number to be inserted for 
each level. These numbers will permit re- 
searchers to calculate multiple rates, because a 
figure at each level serves two functions: the 
numerator for the level above, and the de- 
nominator for the level below. The template 
begins with the population served by the emer- 
gency system and displays how various exit 
points occur before and after arrival at the 
cardiac aetiology box that will provide the 
denominator for assessing outcome success in 
fig 1. Figure 2 comprises 22 boxes in all, each 
identified by a unique number, but the rectan- 
gular boxes in the central column provide the 
key information. Most of the other data can be 
derived from them. Use of this scheme by an 
emergency system will permit immediate com- 
parisons with all other systems that have used 
the template and have made known their 
results. The paragraph numbers below corre- 
spond to the identification of the boxes in fig 2. 
Most relate to the important data in the central 
column. 


(1) Population Served 

This starting point permits calculation of the 
population-based incidence of cardiac arrest as 
well as population-based survival rates. The 
total population of a community is a useful 
figure only when the entire population resides 
within the specific service area served by the 
emergency system. The methods section of any 
report on cardiac arrest outcomes should 
include some description of the community 
including the percentage of the population over 
age 65. The area served by the system (in 
square kilometres) should also be part of the 
core data. 


(2) Confirmed cardiac arrests considered for 
resuscitation 

These include all unresponsive, breathless, and 
pulseless patients for whom the emergency 


personnel are called. The emergency personnel 
must confirm the cardiac arrests. A record 
should also be made of the number of patients 
in whom resuscitation was attempted by lay 
rescuers (either ventilation attempts, chest 
compressions, or both) but whom the emer- 
gency personnel observed to have a pulse upon 
arrival. This additional subgroup permits an 
assessment of possible lay person “rescues” but 
may include false positive cardiac arrests and 
respiratory arrests. Reports should tabulate 
this group separately and not in the total of 
confirmed cardiac arrests. 


(4) Resuscittations attempted by emergency per- 
sonnel 

This group includes all people for whom any 
emergency system personnel made attempts at 
resuscitation (other than basic assessment). A 
resuscitation attempt means at least some effort 
at basic CPR. This definition implies that this 
section of the template will contain some 
victims on whom a resuscitation effort was 
abandoned when it was recognised to be in- 
appropriate. 


(5) Cardiac aetiology (see glossary) 
Emergency personnel should determine the 
presence and duration of any antecedent signs 
and symptoms of ischaemia. Primary electrical 
events that are cardiac in origin—for example 
so-called sudden cardiac death-—-may be 
unheralded and these may present a problem of 
classification. The conference accepted that this 
category was partly one of exclusion of other 
known causes and recognised the inevitability 
that classification may not be precise. 


(7) Witnessed arrests 

The recommended focus of the Utstein tem- 
plate is arrests that are witnessed. These are 
arrests in which a bystander or emergency 
personnel or both saw or heard the patient 
collapse. The Utstein template displays unwit- 
nessed arrests, like arrests of non-cardiac 
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Figure 2 Recommended “Utstein style” template for reporting data on cardiac arrest. 


aetiology, as “exit” categories. Most reports of 
pre-hospital cardiac arrest observe that 
approximately 10% occur after the arrival of 
emergency personnel. The Utstein style 
recommends that these arrests after arrival 
patients be separated (box 9) from the unwit- 
nessed arrests and from the arrests witnessed 
by bystanders. 


(10) Ventricular fibrillation 

Subdivisions of ventricular fibrillation such as 
fine, moderate, or coarse are of limited clinical 
usefulness. A specific distinction, however, be- 
tween fine ventricular fibrillation and asystole, 
while clinically and physiologically indeter- 
minate, should be made for the purposes of 
uniform reporting. The Utstein style recom- 
mends a specific though arbitrary distinction 
between asystole and fine ventricular fibrilla- 
tion: a deflection on the surface electrocar- 
diogram of less than lmm amplitude 
(calibrated at 10 mm/mV) will be considered to 
be asystole; 1 mm or greater will be considered 
to be ventricular fibrillation. Automated exter- 
nal defibrillators already use this criterion. 
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(11) Ventricular tachycardia 

Because it has a different range of outcomes the 
consensus conference recommended that 
pulseless ventricular tachycardia should not be 
grouped with ventricular fibrillation but should 
have a separate template pathway. These 
patients are, however, such a small proportion 
of the cases of out-of-hospital cardiac arrest 
that they are often combined with the much 
larger number of patients with ventricular 
fibrillation. 


(13) Other rhythms 

This category includes the rhythms in which 
some electrical activity is observed in a patient 
who will not survive cardiac arrest. The activity 
usually appears as wide ventricular escape 
complexes that probably represent the last 
electrical activity of a dying heart. There is 
little to be gained by detailed refinement of this 
category. ““Electromechanical dissociation” is a 
poorly defined term that should be grouped 
with “other rhythms.” 


(14) Determine presence of bystander-CPR 
This allows calculation of the percentage of 
cardiac arrests in which bystanders have 
initiated CPR. A high percentage of early 
bystander-initiated CPR effort is associated 
with improved survival from cardiac arrest. 
These data also provide audit data on the 
“chain of survival” within an emergency sys- 
tem and they are important for programme 
evaluation. 


(15) Return of spontaneous circulation (ROSC) 
The Utstein template accepts return of any 
spontaneous palpable pulse and requires no 
specific duration as a determinant. A palpable 
pulse in a major artery, usually the carotid 
artery, implies a systolic blood pressure of 
approximately 60 mm Hg. ROSC is clearly an 
intermediate outcome which may be evanes- 
cent. While it is of less clinical importance than 
hospital admission or eventual discharge, it 
may prove useful in clinical trials and other 
intervention studies. 


(18) Admitted to hospital umt 

This level of the template refers to patients who 
had ROSC sustained long enough to merit 
admission to the intensive care unit or another 
hospital unit. For the purposes of standardisa- 
tion a successful hospital admission can relate 
only to a patient with spontaneous circulation 
and a measurable blood pressure with or with- 
out vasopressors. Patients may or may not be 
breathing spontaneously and they may or may 
not be intubated. The need for continuing CPR 
or mechanical CPR devices implies the absence 
of spontaneous circulation and such patients 
should be excluded. Artificial circulatory as- 
sists, such as emergency cardiopulmonary 
bypass and intra-aortic balloon pumps, imply 
that spontaneous circulation is present, and 
such patients should be included. The recom- 
mendations place no duration requirement on 
“successful admission.” Ideally, however, a 
special note should be made of those patients 
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Outcome of brain injury: Glasgow-Pittsburgh cerebral performance and overall performance categories’ * 
rN 


Cerebral performance catagories 


1 Good cerebral performance. Conscious. Alert, able to work 
and lead a normal life. May have minor psychological or 
neurological deficits (mild dysphasia, non-incapacitating 
hemiparesis, or minor cranial nerve abnormalities) 
2 Moderate cerebral disabiliry. Conscious. Sufficient cerebral 
function for part-time work in sheltered environment or 
independent activities of daily life (dressing, travelling by 
ublic transportation, and preparing food). May have 
hemiplenia. seizures, ataxia, dysarthria, or permanent memory 
or mental changes 


3 Severe cerebral disability. Conscious. Dependent on others 
for daily support because of impaired brain function (in an 
institution or at home with exceptional family effort). At least 
limited cognition. Includes a wide range of cerebral 
abnormalities from ambulatory with severe memory 
disturbance or dementia precluding independent existence to 
paralytic and able to communicate only with eyes, as in the 
locked-in syndrome 

4 Coma, vegetative state. Not conscious. Unaware of 
surroundings, no cognition. No verbal or psychological 
interactions with environment 


5 Death. Certified brain dead or dead by traditional criteria. 


CPC, cerebral performance categories. 


who die within the first 24 hours of admission. 
Patients who experience additional cardiac 
arrests during the index hospital admission are 
counted as a single person in the data analysis, 
whether or not they are successively resus- 
citated. 


(20) Discharged altve 

Reports should note the number of patients 
discharged from the hospital alive, and the 
discharge destinations: for example, home, 
pre-arrest residence, rehabilitation facility, 
extended care facility (nursing home), or other 
hospital. If possible and practical, researchers 
should record the “best-ever achieved” 
cerebral performance category (CPC) and 
overall performance category (OPC)’® (see 
table). If “best-ever achieved” presents collec- 
tion diffulties researchers should note the OPC 
and CPC at the time of discharge. 


(22) Alive at one year 

For those patients who survive for more than 
one years note the OPC and CPC near the one 
year mark. As core data, record the date and 
cause if death occurs in the first year after 
discharge. This allows calculation of length of 
survival. The recommendation relating to peo- 
ple who experience additional out-of-hospital 
cardiac arrests during their first year of survival 
is to treat each cardiac arrest and resuscitation 
attempt as a separate event. Thus a second 
cardiac arrest in the year after the index cardiac 
arrest marks the end of survival for the index 
event and counts as a “death” regardless of 
whether the person survived or not. If emer- 
gency personnel attempted to resuscitate this 
person in the later event, the template would 
count that person as an additional “‘resuscita- 
tion attempted”. If they lived to hospital dis- 
charge again, they would continue to be coun- 
ted as a completely separate person. 


IV Time points and time intervals 

Delay to treatment (especially the interval from 
collapse to the start of resuscitation efforts) 
determines the immediate, intermediate, and 


Overall performance categories 


1 Good overall performance. Healthy, alert, capable of normal 
life. Good cerebral performance (CPC 1) plus no or only mild 
functional disability from noncerebral organ system 
abnormalities. 

2 Moderate overall disability. Conscious. Moderate cerebral 
disability alone (CPC 2) or moderate disability from 
noncerebral system dysfunction alone or both. Performs 
independent activities of daily life (dressing, travelling, and 
food preparation). May be able to work part-time in sheltered 
environment but disabled for competitive work. 


3 Severe overall disability. Conscious. Severe cerebral 
disability alone (CPC 3) or severe disability from non-cerebral 
organ system dysfunction alone or both. Dependent on others 
for daily support. 


4 Same as CPC 4. 


5 Same as CPC 5. 


overall outcomes in cardiac arrest. All research 
into cardiac arrest and all evaluations of system 
performance depend on accurate recording of 
the time of specific events and the intervals 
between them. These key components warrant 
great emphasis in amy research or system 
evaluation and systematic recording of event 
times should be delegated to a recognised 
member of the team. As such it should figure 
prominently in training and testing of person- 
nel. Training in bystander CPR should 
emphasise the need to note when witnessed 
arrests occur and when basic CPR was started. 
Researchers should aim for as much precision 
as possible in recording time events. The key 
times as they relate to the patient, the dispatch 
centre, the ambulance, and the hospital are 
shown schematically in fig 3 as the four clocks of 
sudden cardiac arrest. 

Figure 4 shows the major events that should 
be recorded for resuscitation attempts after 
cardiac arrest. The period between two time 
events is the “event-to-event” interval. Re- 
searchers should always use the term 
“interval” and not “time” to refer to the 
duration between any two events. The label for 
the interval should include the two index 
events. The “stacked index card” design of fig 4 
denotes that these events can be shuffled, with 
events occurring in varying sequences with 
different patients. 

Recording the times of events depicted in fig 
4 permits many intervals to be calculated. 
Many of these, such as the interval from time of 
call to arrival at the patient’s side are necessary 
for quality assurance and system evaluation. 
The two most important intervals from the 
perspective of patient survival, however, are 
those from collapse to first CPR attempt and 
from collapse to first defibrillatory shock. 


CONFERENCE RECOMMENDATIONS FOR THE CORE 
TIME EVENTS TO BE RECORDED 

Time of collapse/time of recognition Though it is 
classed as core information, imprecision 
surrounds the estimated time of collapse. The 
emergency personnel must ask additional 
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Figure 3 The four clocks 
of sudden cardtac arrest. 


Figure4 Events 

associated with out-of- 
hospital cardiac arrest 
resuscitation attempts. 
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questions of the bystanders to obtain a best 
estimate. This information is crucial, however, 
for calculation of the approximate ischaemic 
interval. Note that time of collapse can be 
obtained only for witnessed cardiac arrests, for 
which the collapse or signs of distress are seen 
(or heard). Time of recognition refers to the 
time at which an unwitnessed arrest is dis- 
covered. 

Time of call recetpt Modern emergency 
dispatching systems record this event 
automatically. If multiple routings of the mes- 
sage occur, passing the call from dispatcher to 
dispatcher, the first contact gives the time of call 
receipt. 

Time vehicle stops This is the time when the 
emergency response vehicle stops moving, at a 


location as close as possible to the patient. This 
replaces the commonly used term “time of 
arrival at scene’’, an imprecise term which may 
mean anything from destination in sight to 
personnel at patient’s side. 

Time of first CPR attempts The time of first 
CPR attempts should be recorded both for 
CPR initiated by bystanders and for CPR 
initiated by emergency personnel. Note in fig 4 
that personnel should also record the time 
when further CPR is considered futile and they 
cease performing chest compressions and ven- 
tilations. While in general this would be the 
time of death, some systems require that a 
physician officially pronounce death which can- 
not be assumed until that moment. 

Time of first defibrillatory shock Early 
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defibrillation is the cornerstone for successful 
resuscitation of patients in ventricular fibrilla- 
tion. The need to record accurately the time of 
delivery of the first shock must be emphasised. 
The interval from collapse to the first 
defibrillatory shock serves as a yardstick for 
other components of an emergency system 
because it is influenced by many variables: the 
competence of bystanders to recognise a car- 
diac arrest and respond appropriately, the 
efficiency of the dispatch system that can 
process calls quickly, and the skills of early 
defibrillation units that can gain access to the 
patient and perform their protocols rapidly. 
The best method to obtain this information is 
through automated external defibrillators or 
through conventional defibrillators with 
automated event documentation. These 
devices provide details automatically and 
accurately on initial rhythm, times, and the 
responses of heart rhythm to treatment. The 
use of devices with these capabilities must be 
encouraged. 

Time of return of spontaneous circulation 
‘The importance of this event is self evident, but 
the need to make the appropriate observation 
must be emphasised. 

Time CPR _ abandoned/death Emergency 
personnel should record the time at which they 
terminate resuscitation efforts outside the 
hospital. 

Departure from scene and Arrival at the 
Emergency Department Although not strictly 
core data, emergency personnel can record 
these times easily and accurately. Related 
intervals are key components for an effective 
quality assurance and general management 


programme. 


OTHER TIMES AND INTERVALS 
Other important times are shown in fig 4. 
Wherever possible, these data should be collec- 
ted, but they are accepted as having a somewhat 
lower priority for recording than the core items 
mentioned above. The new nomenclature for 
one interval should, however, be emphasised: 
Call-response interval ‘This term replaces 
“response time,” one of the most frequently, 
and yet inconsistently, used terms in resuscita- 
tion. It is the period from receipt of call by the 
emergency response dispatchers to the moment 
when the emergency response vehicle stops 
moving. ‘The call-response interval will 
therefore include the time required for process- 
ing the call, dispatching the emergency person- 
nel, and the interval required for travel to the 
scene. Note that this interval does not extend to 
arrival at the patient’s side nor to the time of 
defibrillation. Recent published data show that 
the additional intervals from when the vehicle 
stops to the moment of arrival at the patient’s 
side and to the delivery of the first defibrillatory 
shock may be excessively long and may have a 
major role in determining survival. 


V Collection of individual clinical data 
Clinical outcomes Clinical outcome after 
attempted resuscitations comprises core 
information required for system evaluation and 
comparison and for evaluation of clinical trials. 
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The chief goal of cardiopulmonary-cerebral 
resuscitation is to return victims to their 
pre-arrest level of neurological function. An 
evaluation of resuscitation efforts cannot be 
complete without assessment of neurological 
outcome in terms of both quality and duration 
of survival. Elaborate efforts at improving 
survival from cardiac arrest may produce 
greater numbers for only a short time and ata 
cost of more disability. This situation, were it 
to obtain, must be recognised. 

The Glasgow-Pittsburgh outcome categories 
have become the most widely used methods of 
evaluating quality of life after successful 
resuscitation from cardiac arrest. The 
categories distinguish between the cerebral 
effects of the cardiac arrest and the morbidity 
of underlying, non-cerebral problems. The 
overall performance category (OPC) reflects 
cerebral plus non-cerebral status and 
evaluates general performance. The cerebral 
performance category (CPC) evaluates only 
cerebral performance capabilities. ‘These out- 
come categories are reliable and easy to 
obtain. The Utstein consensus conference 
recommended use of the Glasgow-Pittsburgh 
outcome categories to record pre-arrest status, 
status at the time of discharge, and status after 
one year survival. Details are given in the table. 

A single data collection form Many experts 
recommend the development of a single form 
for data collection that could be used in all 
emergency systems. Such a form would allow 
shared databases and patient registries and true 
multi-centre studies. We believe this to be 
impractical. We do recommend, however, that 
the data collection forms used by all systems 
provide the core data that will allow completion 
of the clinical portions of the Utstein template. 

Recommended climcal data The Utstein 
Consensus Conference recommended that 
responsible personnel should attempt to record 
the clinical data listed below for each attempted 
resuscitation (an asterisk indicates core data): 
© Location of person’s arrest*—home, street, public 
place, work place, mass gatherings, in the ambulance, 
nursing home, or other long-term care facility. 
© Pre-arrest clinical status~-overall performance 
category (OPC) and the cerebral performance category 
(CPC). 
© Witnessed arrest before 
personnel*—state yes or no. 
© Precipitating msult—-acute cardiac event, trauma, 
exsanguination, hypoxia, intracranial event, intoxica- 
tion (drug ingestion), metabolic, drowning, sepsis, 
sudden infant death syndrome. As core data, an attempt 
should be made at least to classify the arrest as 
“cardiac”, or “‘non-cardiac’’*. 
® Clinical status of patient when ambulance arrives*— 
breathing (yes/no), palpable pulse (yes/no), bystander- 
CPR (yes/no). 
© Arrest after arrival of emergency personnel-——yes or no. 
® Initial recorded rhythm—ventricular fibrillation, 
ventricular tachycardia, asystole, and other. 
® Treatment—The specific protocols used by a system 
should be listed when the emergency medical system is 
described. For individual patients, however, personnel 
should record the specific interventions they used. As 
core information, the personnel should record: the type 
of respiratory support provided (mouth to mouth or 
mask breathing, endotracheal intubation, other type of 
airway management), whether the intubation was 
successful, the number of defibrillatory shocks given, 
and the medications administered. The strong associa- 


arrival of emergency 
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tion between unsuccessful resuscitation attempts and 
numerous interventions is obvious—the more difficult a 
resuscitation the more interventions that are used. 
Consequently, an account of interventions in unsuccess- 
ful attempts provides little information of value. 
Researchers must emphasise, therefore, all the inter- 
ventions used for people who regained a spontaneous 
circulation. 

© Final patient status at the scene——This refers to the 
condition of the patient when either transport starts or 
efforts end. The recommended categories are ROSC, 
continuing CPR, or death. 

© Status on arrival at emergency department—This 
information would reflect a change in status during 
transport. The possibilities here are continuing CPR, 
pronounced dead on arrival (record specific time), or the 
presence of spontaneous circulation (ROSC). If the 
ROSC lasts more than five minutes, personnel should 
record the blood pressure, respiratory rate, and the 
Glasgow coma score. In addition, the personnel should 
record the patient’s temperature, especially in arrests 
associated with hypothermia. 

© Status after treatment in the emergency department— 
The possibilities are admission to the hospital intensive 
care unit or alternative location or “pronounced dead 
with termination of efforts”. 

© Status. on admission to hospital unst—Personnel 
should record the Glasgow coma score, the blood 
pressure, the rate of spontaneous respirations, if any, 
and basic brain stem reflexes. 

© Discharged altve—If the patient died in the hospital, 
personnel should record the time and date of death and 
the length of survival after ROSC. They should note 
those patients who die within 24 hours and the time at 
which death occurred, They should also record the 
overall performance category (OPC) and cerebral 
performance category (CPC) at time of discharge. If the 
person dies before surviving one year then record the 
best score achieved in the week before death. The 
supplementary data to record would include the “‘best- 
ever” outcome achieved during hospital admission and 
in the year after the arrest, though these data may be 
difficult to gather consistently. 

© Discharge destination—If the patient is discharged, 
researchers should record the discharge destination: 
home (or pre-arrest residence), rehabilitation facility, 
extended care facility (nursing home), or other. 

© Akve at one year (yes or no)—If yes, then record the 
OPC and CPC score at one year. Personnel can often 
obtain these scores via telephone interviews with family 
members. If the person dies in the first year, then 
record the date of death and the length of survival. 
Supplementary data would include the best CPC 
achieved before death. 


VI Description of emergency systems 
The organisation of a community’s emergency 
medical services systems has a major effect on 
the outcome of cardiac arrest. Researchers 
should describe the dispatch component of an 
emergency system as well as the various 
response tiers. These descriptions should state 
who is in each tier, what interventions and 
actions they provide, how (and how well) they 
provide those interventions, and when they 
deliver their care. While it would be 
impractical to report all of these details in every 
publication, authors should aim to provide 
as many of the recommended core data as 
possible. 


(A) THE DISPATCH SYSTEM 

Describe the dispatch system in terms of 
whether it is dedicated to emergency medical 
services only or whether the dispatch system 
must also cover fire and police. State the type of 
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communication system used—such as 911 or 
999. Give the median interval for dispatch call- 
processing, defined as the time from the call is 
first received to when the emergency vehicle is 
moving. 


(B) FIRST TIER: THE FIRST EMERGENCY 
PERSONNEL TO ARRIVE 

Who The personnel in the first tier should be 
described (physicians, nurses, ambulancemen, 
emergency medical technicians, first 
responders). State the organisational affiliation 
of the personnel in terms of dedicated 
emergency service, mixed EMS-fire service, 
hospital-based, private ambulance company, 
or other. Describe the following features: total 
number of personnel in this tier, status (paid v 
volunteer), number of hours of training, 
number of team members per response unit, 
number of vehicles in service at a given time, 
number of responses/community/year. 

What Describe the major interventions 
permitted for use in cardiac resuscitation. 
In broad categories these include CPR, 
defibrillatory shocks, intravenous medications, 
and technical airway management. 

How Describe the general resuscitation 
protocols in terms of sequence and type of 
intervention. State whether protocols adhere to 
those recommended by a recognised group 
such as the American Heart Association or the 
European Resuscitation Council. Describe 
whether personnel follow standing orders or 
whether they must obtain radio or telephone 
permission before initiation of treatment. State 
whether the emergency system permits field 
personnel to cease resuscitation efforts in the 
field. 

When Describe the median (not mean) call 
response interval for the various tiers of the 
response system. 


SECOND AND THIRD TIERS 

In most locations in the United States 
paramedical staff are the second tier of 
emergency personnel to arrive and there is no 
third tier. In Europe there is often a second or 
third tier that consists of emergency physicians 
who respond outside the hospital. Reports 
must describe these additional tiers in the same 
detail and by the same features as noted above 
for the first responding tier. 


Discussion 

Standardisation of nomenclature should 
facilitate audit and comparative studies for 
existing practices and also should aid the 
evaluation of developments in emergency 
cardiac care. For example, system directors will 
need to know the relative merits of automated 
external defibrillators and conventional 
defibrillators, but studies in single centres may 
be inadequate to provide reliable information. 
Managers and medical directors in both the 
United States and Europe have even started to 
examine the economic effects of the widespread 
use of systems manned by paramedical staff. 
They wish to determine whether these services 
produce enough clinical benefit to justify their 
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cost. A trend in the opposite direction has been 
triggered by unemployment of physicians in 
some parts of the world. This engenders a 
reluctance to delegate skills such as defibrilla- 
tion and intubation to non-physicians. Only 
the steady accumulation of valid research using 
similar vocabularies and comparable data can 
determine the relative merits of different 
systems. 

Several other benefits will follow the use of 
uniform terminology and clinical variables. 
These include better evidence on the 
epidemiology of cardiac arrest, the identifica- 
tion of special high risk subgroups, the factors 
that determine survival, and the specific 
interventions that reduce mortality. Areas of 
research for single or multicentre studies may 
include: the efficacy of drug treatment, new 
system strategies such as widespread first 
responder defibrillation, and the value of wide- 
spread public education relating to the early 
recognition, and first aid management of 
cardiac pain and cardiac arrest. 

The concept of a consensus conference to 
standardise format and nomenclature for 
biomedical journals has precedents. For 
example, the recommendations of a group of 
biomedical journal editors who met in 
Vancouver, British Columbia, in 1978 have 
come to be known as the “Vancouver style”, 
They formed an international committee of 
medical journal editors which has published a 
series of updates since then. The Utstein 
Consensus Task Force recognises, that with 
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use, certain features of the Utstein guidelines 
will also need to be revised and broadened. 


The Utstein consensus conferences were supported by a grant 
from the Laerdal Foundation for Acute Medicine, 
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Mortality within hospital after resuscitation from 
ventricular fibrillation outside hospital 


William Dickey, A A Jennifer Adgey 


Abstract 

Objective—To determine factors 
related to mortality within hospital after 
successful resuscitation from ven- 
tricular fibrillation outside hospital by a 
mobile coronary care unit manned by a 
physician. 

Design—Retrospective review of 
records of patients resuscitated and 
admitted to hospital between 1 January 
1966 and 31 December 1987. 

Setting—Mobile coronary care unit, 
coronary care unit, and cardiology 
department. 

Patients—281 patients (227 male), aged 
14-82 (mean 58) successfully resuscitated 
from ventricular fibrillation outside hos- 
pital of whom 182 (65%) developed ven- 


tricular fibrillation before the arrival of 


the mobile coronary care unit. The 
aetiology of ventricular fibrillation was 
acute myocardial infarction in 194 
patients (69%), ischaemic heart disease 
without infarction in 71 (25%), and other 
or unknown in 16 (6%). 

Main outcome 
within hospital. 

Results--There were 91 deaths in 
hospital (32%). Factors on univariate 
analysis significantly associated with 
increased mortality were patient age 
260 years, previous myocardial infarc- 
tion or cerebrovascular disease, prior 
digoxin or diuretic treatment, collapse 
without prior chest pain or with pain 
lasting 30 minutes or less, defibrillation 
delayed by 25 min, 2four shocks 
required to correct ventricular fibrilla- 
tion, left ventricular failure or pulmon- 
ary oedema and cardiogenic shock after 
successful defibrillation, and coma on 
admission to hospital. On multivariate 
analysis the most important factors (in 
rank order) were cardiogenic shock after 
defibrillation, coma on admission to hos- 
pital, age >60 years and the requirement 
for four or more shocks to correct ven- 
tricular fibrillation. 

Conclusions—The in-hospital mortal- 
ity of patients resuscitated from ven- 
tricular fibrillation outside hospital was 
related to patient characteristics before 
the cardiac arrest and to the immediate 
haemodynamic and neurological status 
after correction of ventricular fibrillation 


measures——Death 


as well as to factors at the resuscitation 
itself. The in-hospital mortality of this 
study compares favourably with the 
results obtained by units staffed by 
paramedical workers and emergency 
medical technicians, although 35% (99/ 
281) of the patients had ventricular 
fibrillation after the arrival of the mobile 
unit and defibrillation was thus rapid. 


Since the feasibility of resuscitation from ven- 
tricular fibrillation outside hospital was first 
demonstrated in Belfast in 1966,’ many 
mobile coronary care schemes have been 
established. In the United States there are 
now more than 300 prehospital coronary care 
programmes.” Of the many published studies 
of outcome after prehospital cardiac arrest, 
most have concentrated on the relation be- 
tween resuscitation-related factors (such as 
availability of bystander cardiopulmonary 
resuscitation and delay in defibrillation) and 
survival rather than patient characteristics 
before the arrest or haemodynamic status after 
correction of ventricular fibrillation. Further- 
more, few studies have considered factors 
specifically related to death within hospital for 
patients who survive to be admitted. We des- 
cribe 281 patients resuscitated from ven- 
tricular fibrillation outside hospital by the 
Royal Victoria Hospital’s mobile coronary 
care unit and we assess factors related to in- 
hospital mortality. 


Patients and methods 

PATIENTS 

We studied patients who were resuscitated 
outside hospital after ventricular fibrillation 
developed and who were admitted to hospital 
by the Royal Victoria Hospital mobile coronary 
care unit between 1 January 1966 and 31 
December 1987. Patients developed ven- 
tricular fibrillation before or after the arrival of 
the mobile unit. When ventricular fibrillation 
developed after the mobile unit’s arrival, 
patients received immediate defibrillation. 
Patients were not included in the study if 
ventricular fibrillation was 1atrogenic—that is, 
if it occurred during treatment of ventricular 
tachycardia or asystole. 


COLLECTION OF DATA 
Since the mobile unit started operation, patient 
characteristics, circumstances of arrest, resus- 
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citation details, and condition after successful 
resuscitation have been recorded on standar- 
dised forms. The following factors were 
studied to determine their relevance to out- 
come: 

Patient characteristics—sex, age, previous 
history of myocardial infarction, previous 
stable angina or chronic cardiac dyspnoea 
(New York Heart Association grade II or 
greater), previous hypertension, diabetes 
mellitus or cerebrovascular event (stroke or 
transient ischaemic attack), previous drug 
treatment (digoxin, diuretics, $ blocking and 
antiarrhythmic agents), smoking history. 

Aetiology and circumstances of arrest— 
aetiology, site of infarction if present, year, 
time, place, ventricular fibrillation before or 
after the arrival of the mobile unit, presence or 
absence of chest pain and its duration before 
ventricular fibrillation. 

Resuscitation details—presence or absence of 
cardiopulmonary resuscitation before 
defibrillation, cardiopulmonary resuscitation 
operator, delay in starting cardiopulmonary 
resuscitation after collapse where given, delay 
in defibrillation, number of shocks required to 
correct ventricular fibrillation (defined as the 
total number of shocks administered at the time 
of the initial arrest outside hospital before a 
stable rhythm was achieved and maintained 
even if ventricular fibrillation recurred after the 
initial resuscitation at the time of the initial 
arrest). 

Condition after successful defibrillation—left 
ventricular failure or pulmonary oedema, 
cardiogenic shock (systolic blood pressure 
<80 mm Hg with peripheral circulatory shut- 
down), coma on admission to hospital. 

Statistical analysis was performed with the 
Statistical Package for the Social Sciences-lI 
program on a Digital Professional 350 
microcomputer. To test single factors for sig- 
nificance in influencing in-hospital mortality we 
used a x’ test with Yates’s correction on 2 x 2 
contingency tables. We used the multiple 
regression program of Statistical Package for 
the Social Sctences—II for multivariate analysis 
in order to determine the most significant 
factors and rank them in order. 


335 


Results 

PATIENTS 

Between 1 January 1966 and 31 December 
1987, 281 patients (227 male; age range 14-82; 
mean (1 SD) 58 (12) years) in whom ven- 
tricular fibrillation developed outside hospital 
were successfully resuscitated by the Royal 
Victoria Hospital mobile coronary care unit 
and were admitted to hospital. The cardiac 
arrest was witnessed in all except one patient. 
One hundred and eighty two (65%) patients 
developed ventricular fibrillation before the 
arrival of the mobile unit. 


AETIOLOGY 

The aetiology of ventricular fibrillation was 
identified as acute myocardial infarction on the 
basis of electrocardiograph and/or serial car- 
diac enzyme changes in 194 (69%) patients. 
The site of infarction was inferior or posterior 
in 66 patients (34%), anterior in 121 (62%), 
and was unknown in seven (4%). Seventy one 
(25%) of the 281 patients had ischaemic heart 
disease but no evidence of acute myocardial 
infarction at the time of ventricular fibrillation. 
Thus coronary artery disease, with or without 
acute myocardial infarction, caused ventricular 
fibrillation in 265 (94%) of the patients seen. 
The aetiology was not related to coronary 
artery disease in 13 patients and was unknown 
in three. 


IN-HOSPITAL MORTALITY 

Of the 281 patients, 91 (32%) died in hospital; 
thus 190 patients (68%) survived to be dis- 
charged. Of the 91 in-hospital deaths, 41 (45%) 
occurred within 48 hours of the initial arrest 
and 50 (55%) occurred > 48 hours later. Death 
was due to intractable ventricular fibrillation 
(23 patients), cerebral anoxia (24), cardiogenic 
shock (nine), respiratory failure (13), cardiac 
failure (17), and bradyasystole (five). 


FACTORS RELATED TO IN-HOSPITAL MORTALITY 
AND SURVIVAL TO DISCHARGE 

Patient characteristics 

Patients who survived to leave hospital were 
significantly younger (56-0 (12)) than those who 
died before discharge (60-8 (11)) (p < 0-01). 


Table 1 Patient characteristics significantly associated with in-hospital mortality (untvariate analysis) (% ) 





Factor Survived 
Age: 

<40 11 (85) 

3 40-< 60 104 (76) 

>60 75 (57) 
Previous MI*: 

Yes 73 (61) 

No 117 (73) 
Previous cerebrovascular eventt: 

Yes 5 (33) 

No 184 (70) 
Prior digoxin therapy}: 

Yes 20 (53) 

No 169 (70) 
Prior diuretic therapyt: 

Yes 38 (55) 

No 151 (72) 


Died 7 DF Significance 

2(1 146 2 0-01 > p > 0-001 
32 (24 
47 (39) 420 1 005 > p> 0-0! 
10 (67) 7-44 1 0-01 > p> 0-001 
77 (30) 

18 (4 3-99 1 0-05 > p> 061 
71 (30 

31 (45) 6-26 I 0-05 > p> 0-01 
58 (28) 





DF, degrees of freedom, MI, myocardial mfarcti 


ion. 
*One missing observation, tfive missing observations, {three missing observations. 
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Table 2 Factors related to the cardiac arrest that were significantly associated with in-hospital mortality (univariate 


analysis) (%) 


Factor Survived 
VF before arrival of mobile unit: 

Yes 112 (62) 

No 78 (79) 
Chest pain before VF: 

Yes 136 (72) 

No 54 (59) 
Duration of chest pain before VF: 

= 30 min 16 (53) 

>30 min <4h 106 (76) 

24h 14 (70) 
Delay in defibrillation*: 

<5 min 106 (75) 

5-9 min 38 (62) 

>10 min 45 (60) 
Shocks to correct VF(n)*: 

<4 138 (72) 

2 4 50 (57) 


Died 7 DF Significance 
70 (38) 7-94 1 0-01 > p > 0-001 
21 (21) 
53 ais 4:38 ] 0-05 > p > 0-01 
38 (41 

14 (47) 6:47 2 005 > p > 0-01 
33 (24) 

6 (30) 
36 (25) 6-00 2 0-05 > p > 0-01 
23 (38) 
30 (40) 
53 (28) 5-31 1 0-05 > p > 0-01 
37 (43) 





DF, degrees of freedom; VF, ventricular fibrillation. 
missing observations. 


The influence of patient age on survival to leave 
hospital was confirmed by 7’ testing (table 1). 
Single-factor analysis showed that the follow- 
ing patient characteristics were also signifi- 
cantly (p < 0-05) associated with in-hospital 
mortality: previous myocardial infarction, 
previous cerebrovascular event, prior digoxin 
therapy, and prior diuretic therapy. 


Aetiology and circumstances of arrest 

Single factor analysis showed that the following 
circumstances of the cardiac arrest were sig- 
nificantly associated with death in hospital 
(table 2): ventricular fibrillation developing 
before the arrival of the mobile unit, collapse 
without preceding chest pain, pain lasting <30 
minutes before collapse for patients who had 
chest pain, delay in defibrillation 25 minutes 
after collapse, and the requirement for four or 
more shocks to correct ventricular fibrillation at 
the initial arrest and to allow a stable rhythm to 
be maintained. 


Condition after successful defibrillation 

The presence of the following features after 
successful defibrillation was significantly related 
to in-hospital mortality on single factor 
analysis (table 3): left ventricular failure or 
pulmonary oedema, cardiogenic shock, and 
failure to recover consciousness by the time of 
admission to hospital. 


Factors not related to outcome 

These were sex, previous stable angina, 
previous chronic cardiac dyspnoea, history of 
hypertension, diabetes mellitus, prior treat- 
ment with f blockers or antiarrhythmic agents, 
a history of smoking, aetiology of ventricular 
fibrillation, site of infarct if ventricular fibrilla- 
tion was caused by acute myocardial infarction, 
year, time and place of ventricular fibrillation, 
presence or absence of cardiopulmonary resus- 
citation -before defibrillation if patients had 
ventricular fibrillation before the arrival of the 
mobile unit, and for patients who received 
cardiopulmonary: resuscitation, the delay to 
resuscitation and type of operator. 


Multivariate analysis 
Factors shown to be significantly related to in- 
hospital mortality on univariate analysis were 
also analysed by a stepwise forward algorithm 
with factors entered as binary variables. 
Factors of greatest significance in predicting 
in-hospital mortality were cardiogenic shock 
after successful defibrillation, coma on admis- 
sion to hospital, age >60 years, and the need 
for four or more shocks to correct ventricular 
fibrillation (table 4). 


Discussion 
The initial experience with the Royal Victoria 


Table 3 Factors after successful defibrillation significantly associated with in-hospital mortality (univariate analysis) 


(%) 
Factor Survived 
Cardiac failure*: 
No 127 (73) 
Mild/moderate 52 (65) 
oedema 10 (40) 
Cardiogenic shock: 
cs 14 
No 189 (74) 
Coma on hospital admission: 
Yes 65 (56) 
No 125 (76) 


*One missing observation. DF, degrees of freedom. 


Died y DF Significance 

48 (27) 11-33 2 0-01 > p > 0-001 
28 (35) 

15 (60) 

24 (96) 47-58 1 p < 0-001 

67 (26) 

51 (44) 11-22 1 p < 0-001 

40 (24) 
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Table 4 Factors sigmficantly (p < 0-05) related to in-hospital mortality on stepwise 





multiple regression analysis 
Standardised 
Step Factor Coefficient F value 
1 Cardiogenic shock after defibrillation 0-443 70-62 
2 Coma on hospital admission 0-181 10-73 
3 Age >60 0-138 6-88 
4 > 4 shocks to correct VF 0-112 4-16 


VF, ventricular fibrillatian. 


Hospital mobile coronary care unit’ confirmed 
that ventricular fibrillation was the usual 
rhythm of cardiac arrest in patients who were 
seen soon after collapse and that successful 
resuscitation and survival to leave hospital were 
practical propositions for patients who had 
ventricular fibrillation outside hospital. 

Although there have been many subsequent 
reported studies of survival after pre-hospital 
cardiac arrest most have considered pre- 
hospital and in-hospital mortality together and 
few have specifically assessed deaths after 
hospital admission. Furthermore, most have 
concentrated on resuscitation details rather 
than on patient characteristics and haemo- 
dynamic status after correction of ventricular 
fibrillation. 


PATIENTS STUDIED 
The patients studied here differ in two major 
respects from those resuscitated out of hospital 
from ventricular fibrillation and cardiac arrest 
irrespective of rhythm by paramedical and 
emergency medical technician-based units. 
Firstly, 69% of all patients and 73% of patients 
with coronary artery disease were identified as 
having had acute myocardial infarction at the 
time of ventricular fibrillation. In comparison, 
other studies have suggested that acute 
myocardial infarction or acute transmural 
myocardial infarction accounts for a minority 
of cases of cardiac arrest out of hospital, with 
figures of 17-40% for patients surviving to 
reach hospital** and in some cases to be dis- 
charged home.* Secondly, a higher proportion 
of patients (35%) developed cardiac arrest after 
the arrival of the mobile unit than in other 
studies (11-16%).*°’ These features may reflect 
differences in the use of our unit, which was 
established to provide physician-based care not 
only in cases of sudden death but also to 
manage patients in the early phase of acute 
myocardial infarction.* Three quarters of 
patients resuscitated from cardiac arrest out of 
hospital by another physician-manned mobile 
unit based in Reykjavik had acute infarction.’ 
In our study the in-hospital mortalities of 
32% for all patients and of 38% for patients 
who had ventricular fibrillation before the 
arrival of the unit compare favourably with 
results of 41-52% reported by units manned by 
paramedical staff and emergency medical tech- 
nicians.'°’* We showed no significant relation 
between in-hospital mortality and the aetiology 
of ventricular fibrillation. 


FACTORS RELATED TO IN-HOSPITAL MORTALITY 
Patient characteristics 
The importance of age in relation to death 
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within hospital was confirmed both on 
univariate and on multivariate analysis, where 
on stepwise analysis it appeared after car- 
diogenic shock and coma following defibrilla- 
tion. Other studies have confirmed the associa- 
tion of patient age and outcome within hospital 
after resuscitation from out-of-hospital ven- 
tricular fibrillation and other cardiac arrest 
rhythms.’*""” 

Of other patient characteristics, previous 
history of myocardial infarction, cerebrovas~ 
cular event, and prior digoxin or diuretic 
therapy were associated with increased in-hos- 
pital mortality. Few studies have assessed any 
of these factors. Weaver et al did not find prior 
digoxin or diuretic therapy to be significantly 
related to in-hospital mortality after resuscita- 
tion from ventricular fibrillation out of hospi- 
tal.® The increased in-hospital mortality 
associated with digoxin and diuretic therapy in 
the present study may reflect an increased 
likelihood of collapse without warning chest 
pain and hence delayed defibrillation. Alter- 
natively, these drugs may be indicators of poor 
cardiac function. An increased in-hospital 
mortality for patients resuscitated from out of 
hospital ventricular fibrillation with a previous 
history of cardiac failure has been reported.” 


Circumstances of cardiac arrest 
Ventricular fibrillation occurring before the 
arrival of the mobile unit and defibrillation 
delayed by 25 minutes were significantly 
associated with increased in-hospital mortality 
and confirm the importance of early defibrilla- 
on.’ Further support is provided by the 
increased mortality in patients who collapsed 
without warning chest pain (and in whom, 
therefore, defibrillation must have been 
delayed) and in patients who had pain lasting 
<30 minutes who because of delays in sum- 
moning help were more likely to have collapsed 
before the arrival of the mobile unit. The 
association between the number of shocks 
required to correct ventricular fibrillation and 
outcome was confirmed both on univariate and 
multivariate analysis. Dunn et al confirmed an 
increased in-hospital mortality for patients 
who require >4 shocks to terminate in-hospi- 
tal or out-of-hospital ventricular fibrillation,” 
and Hargarten et al showed a linear decrease in 
survival with each shock delivered (up to five) 
for patients receiving treatment for ventricular 
fibrillation outside hospital.’ 


Condition after successful defibrillation 

Univariate analysis showed that left ventricular 
failure and cardiogenic shock after successful 
defibrillation were significant predictors of in- 
hospital mortality; and multivariate analysis 
showed cardiogenic shock to be the most 
important predictor of death in hospital. Few 
studies of patients resuscitated from ven- 
tricular fibrillation out of hospital have con- 
sidered the influence of haemodynamic status 
after resuscitation on survival. Liberthson et al 
reported an in-hospital mortality of -92%,. for 


patients who had cardiogenic shock aftèr- ae 
of 


citation from ventricular fibrillation out 


hospital and of 64% for patientsi with conges- ` i- 


338 


tive heart failure compared with 58% for all 
patients.’ Studies of ventricular fibrillation in 
hospital confirm the adverse influence of cardiac 
failure and cardiogenic shock at the time of 
ventricular fibrillation on in-hospital mor- 
tality.”! 22 

Unconsciousness on admission to hospital 
was a significant predictor of in-hospital mor- 
tality both on univariate and multivariate 
analysis. Again, the importance of early 
defibrillation in speeding neurological recovery 
and hence survival has been confirmed else- 
where.” ¥ 

In conclusion, our results show that a 
favourable outcome for discharge from hospital 
after resuscitation from ventricular fibrillation 
out of hospital is more likely in young patients 
with no prior cardiac history who have 
immediate or early defibrillation, no 
haemodynamic abnormality, and who recover 
consciousness rapidly after correction of ven- 
tricular fibrillation. Wider availability of early 
defibrillation outside hospital particularly in the 
home, at work, and in public places by 
automatic, semi-automatic, and trans-tele- 
phonic defibrillators will increase the likelihood 
of survival after the onset of ventricular fibrilla- 
tion outside hospital. 
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Registrar 

Implementation of the new pattern of train- 
ing for registrars has been predictably slow. 
Cardiology is not the only specialty that is 
changing. All the major specialties are follow- 
ing our initiative in introducing three year 
blocks to replace the two year registrar and 
four year senior registrar posts. Many 
regional health authorities had only recently 
reorganised rotations on the old template 
when the new requirements became known, 
and the dismay was understandable from all 
who had worked hard to piece together a 
complex jigsaw. Now the process has had to 
start again. Problems are compounded by the 
necessary differences in training require- 
ments. Cardiology has considerably more 
need for technical skills than most medical 
specialties, and only gastroenterology runs it 
close in this respect. Of our six year 
programme, we therefore require five to be 
centred on cardiology with only one in gen- 
eral internal medicine (that may, of course, be 
based principally on another subspecialty). 
Others require totals within their disciplines 
ranging from two to four. All require rota- 
tions between specialist centres and district 
general hospitals. Research has to be fitted 
into the formula with rules that have not yet 
been defined fully. The very large reduction in 
the number of career registrar posts imposed 
by the Joint Planning Advisory Committee 
(JPAC) could generate competition, claims, 
and counter claims between consultants who 
gee a threat to their ability to provide a safe 
service—though all the meetings we have 
attended have been notable for the spirit of 
cooperation that has emerged. The difficulties 
that beset authorities struggling to satisfy as 
many as possible of the requirements and 
competing claims could very readily induce 
inertia born of helplessness. In this setting a 
sensible tactic encouraged by the Manpower 
Committee of the Royal College of Physicians 
is for a few regions to take a lead, with all the 
support that is necessary from both local and 
national representatives of the specialties. 
The North West Thames Region is amongst 
those furthest along the difficult path, and it 
now has draft proposals that have been under 
discussion since February. The North East 
Thames and Trent regions aré close behind. 
Other regions have arranged many meetings 
and are likely to adopt some of the principles 
already worked out elsewhere. 


General medical component in cardio- 
logy training 

In addition to doubts about numbers of 
available posts, the criteria needed for district 
hospitals to take part in rotations, the 
arrangements to accommodate the different 
types of research, and the special require- 
ments of high flying academics, cardiology 
faces one more issue that has not yet 
been settled—though a decision is needed 
urgently. The Specialty Advisory Committee 
in General Internal Medicine requires at 
present that our trainees spend one year in 


Internal Medicine ar senior registrar level if 
dual accreditation is to be granted. This has 
been assumed to translate into one year of the 
new final three year block. But this is 
disruptive for major centres and unsettling 
for trainees particularly for those with 
interventional skills that have to be main- 
tained and fine tuned. It also adds to the 
difficulty of establishing rotations within the 
first three years: inclusion of general medicine 
here makes the jigsaw appreciably easier. The 
proposal has been made recently that the 
general medical year could be the last of the 
first three year block—still within four years 
of the end of the training programme, as now. 
We hope this compromise will be acceptable, 
for without it we may have to revert to single 
accreditation for at least some of our trainees. 
We would regard this as a retrograde step, 
especially with the increasing emphasis on 
cardiology in the district hospitals. 


Cardiology in the district hospital 

A Working Party of the British Cardiac 
Society on Cardiology in the District Hospi- 
tal reported in 1987. We intended that the 
report should be updated from time to time. 
This is now opportune because of the major 
changes that are occurring both in the prac- 
tice of the specialty and in the organisation of 
health services generally. Council belteve that 
an entirely new team will find it easier to 
take a fresh look at an evolving scene. They 
emphasised that this decision implied no 
dissatisfaction with the previous group: at 
least one of the authors of your Newsletter 
(who was Chairman of the previous Working 
Party) hopes that this sentiment is sincere... 
The chairman of the new group will be 
Andrew McLeod: membership will be 
announced in due course. 


Coronary prevention working party 

As a result of helpful advice from Michael 
Oliver, Council has decided to postpone plans 
for an update of the British Cardiac Society 
report on coronary disease prevention. One 
meeting of the group has already taken place, 
so the change of plan was not made lightly. 
But two factors led us to this decision. First, a 
number of doubts about the long-term value 
of some measures of primary prevention will 
not be fully resolved for at least a couple of 
years. Secondly, several other reports will be 
published in the next 12 months, and it may 
be unwise to confuse the public with a 
plethora of advice that may seem to differ in 
emphasis. Plans for a new report have not 
been abandoned. It is only the timing that has 
changed. 


Campaign for legislation on smoking 
Andrew McLeod has another special 
responsibility on Council. He maintains an 
interest on our behalf in the campaign against 
smoking. He has sent the following note for 
the newsletter. 

“Thoracic physicians have taken the 
initiative in forming Doctors for Tobacco 
Law. As cardiologists, we have been urged to 
support them in achieving a higher profile for 
clinicians who seek to influence politicians in 
the battle to reduce smoking prevalence. As 
part of this campaign, each of us should 
consider writing to our local Member of 
Parliament to request support for the 
initiative of the European Community 
directive aimed at banning tobacco advertis- 
ing and sponsorship. Our Government are at 
present taking a weak line on this issue. Yet 
advertising bans in New Zealand and Canada 
have been followed by a reduction in cigarette 
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consumption. Informed advice suggests that 
the Government is nonetheless sensitive to 
consumer and constituency opinion on this 
issue. Do not delay. Write to your Member of 
Parliament at the House of Commons now.” 
Council warmly endorses this advice. 


Survivors of myocardial infarction and 
patients with stable angina: research 
initiatives 

David de Bono, John Hampton, and Bob 
Wilcox have also written to the newsletter 
regarding two possible new trials that will 
interest members of the society. They pose 
important questions and suggest how we 
could find answers. “When should we advise 
coronary angiography for patients with 
‘stable’ angina or for the survivors of recent 
myocardial infarction, whether or not they 
have had thrombolysis? While we may accept 
that left ventricular function and the distribu- 
tion of coronary lesions helps us to stratify 
patients by risk, how certain are we that 
intervention (CABG, PTCA) based on 
angiographic findings is beneficial in such 
patients? Current medical opinion is divided 
on the best way to investigate and manage 
patients with stable angina pectoris whose 
symptoms are controlled on medical therapy. 
Is knowledge of the specific coronary anatomy 
in an individual patient essential for optimal 
planning or can angiography be deferred until 
required on symptomatic grounds? We may 
accept that most survivors of acute infarction 
should be given the opportunity of tolerating 
f blockers and/or aspirin, but the place of 
angiography is by no means established from 
good prospective trials. Further, the policy of 
post-infarct exercise testing is widespread, 
yet we have no clear guidelines of when, how 
much, or what precisely to do with those who 
have a “positive” result. These questions 
have enormous implications for resource 
planning and training. In some areas the 
waiting time for diagnostic angiography and 
surgery for symptomatic patients may exceed 
twelve months, even without the added work- 
load imposed by a policy of “exposing 
ischaemia” in those who are symptomatically 
well. We are therefore proposing two pros- 
pective randomised trials. We plan to call 
them CAMI (Coronary Angiography after 
Myocardial Infarction) and CASA (Coronary 
Angiography in Stable Angina). In brief, 
patients with positive exercise tests (still to be 
defined) will be randomised to be offered 
angiography or not. The former will be 
advised to proceed to intervention according 
to predetermined anatomical distributions of 
their coronary lesion(s) whereas the latter will 
be offered angiography according to sub- 
sequent symptoms. Patients who have 
negative stress tests (and therefore would not 
qualify anyway for randomisation) and those 
randomised to angiography who decline to 
have it will also be followed up. We wish to 
determine whether a policy of symptomatic 
treatment, with angiography as necessary, is 
less, the same, or more ‘advantageous’ than a 
policy of early investigation and intervention. 
We will be mterested in comparing the 
demand for intervention of an early versus a 
deferred investigational policy, the sub- 
sequent clinical course of the different patient 
groups (symptoms, quality of life, medical 
therapy, readmissions, re-infarctions), and 
survival. If you, too, feel that the answers to 
these questions are important why not join 
us?” Those interested should write to Bob 
Wilcox at the Department of Cardiovascular 
Medicine, University Hospital, Nottingham 
NG7 2UH. 
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The Harrogate meeting 

We have a last report on plans for our spring 
meeting (26 May-29 May). Preparations are 
now well under way. The format of the 
meeting will be that adopted in previous years 
with the main meeting running between 27 
May and 29 May, with the preceding day (26 
May) allocated to the working groups of the 
society. There are now five active working 
groups of the society (pacing and electro- 
physiology, intervention, echocardiography, 
nuclear medicine, and paediatrics). Each 
group produces its own programme for the 
Tuesday afternoon which members of the 
Society may wish to attend. It has been 
suggested that the programmes of the work- 
ing groups might be more closely integrated 
with the main meeting in future years: the 
newly formed Programme Committee are 
looking at this option. If you have any views 
we would like to hear from you. As before 
there are three plenary sessions in the main 
programme. The plenary session on 27 May 
is on epidemiology, chaired by David Wood. 
The plenary session on 28 May is an update 
on transplantation, chaired by John Dark. 
The plenary session on 29 May is an update 
on thrombolytic and angioplasty trials 
co-chaired by David de Bono and Anthony 
Rickards. In each of these sessions there 
will be presentations from American and 
continental European speakers. We have 
been impressed by the number and quality of 
abstracts submitted this year for the scientific 
meeting and numbers again have topped 
previous records. The total of 685 sub- 
Missions represents a 15% increase on last 
year: of these a total of 270 (39%) have been 
accepted for presentation. We have increased 


the number of posters presented this year, 
with two separate poster sessions on the 
Wednesday. The main lectures this year are 
the Thomas Lewis Lecture to be given by 
Professor Eugene Braunwald from Harvard 
and the St Cyres Lecture to be given by 
Raphael Balcon. As a follow up to the success- 
ful meeting held in December we will be 
discussing the developing internal market in 
cardiology and cardiac surgery. The other 
innovation this year is a session primarily 
aimed at the district general hospital car- 
diologists. This session is to be chaired by 
Andrew McLeod. Speakers will discuss some 
of the controversies in contemporary car- 
diological practice. We would like to hear 
your views about this experiment. As can be 
seen from the changes outlined above, the 
society is slowly modifying the format of the 
Annual Scientific Meeting in response to 
members requests and needs. To facilitate 
this process we have organised a Programme 
Committee that is chaired by Andrew Hen- 
derson. The committee comprises Ronnie 
Campbell, Andrew McLeod, Duncan 
Dymond, and Paul Oldershaw. It met for- 
mally for the first time recently to formulate 
the programme for Harrogate, and will be 
meeting again during the course of the meet- 
ing to make modifications that can be adopted 
subsequently at Wembley and Torquay. If 
you wish to make suggestions to this commit- 
tee please write to Andrew Henderson. 
Ideally new ideas should be passed on before 
the Harrogate meeting because changes take a 
long time to implement. Areas for debate 
already include the inter-relation between 
posters and oral presentations, methods by 
which poster sessions can be improved, and 
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the balance between presentation of original 
work and update sessions. You will hear more 
in furure newsletters. 


Honours 
Members of our society featured in the new 
year honours. Magdi Yacoub will receive a 
knighthood on 19 May and Michael Webb- 
Peploe an OBE on 17 March. We apologise 
for being late in offering our congratulations. 
We have more good news. John Camm and 
Tom Evans have both been made Queen’s 
Honorary Physicians (civilian). 

Our newsletters have been getting longer, a 
trend we may not be able to reverse... We 
have decided to try subheadings. We hope 
this will not encourage colleagues to be selec- 
tive in their reading: that would be at the peril 
of missing vital information, and assuredly 
cannot be recommended. ` 

DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, i Soar Society 
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approaches; and Peter Rubin, professor of therapeutics and consultant physician at 
the University Hospital of Nottingham, provides an editorial comment on these 
which summarises the prevailing views and helps you to make up your own mind. 
Written by academic experts with everyday clinical experience, Controversies in 
Therapeutics is a must for all physicians and general practitioners— both those who 
think they know it all and those who know they don’t. 


Chapters include: Role of diet in treating atopic eczema © Risks of dependence 
on benzodiazepine drugs © Thrombolysis and the general practitioner 
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The future is bright 


“Many articles are neither read nor cited; indeed many articles are poor. In genera) 
many journals seem to be of little practical help to clinicians facing problems at the 
bedside.” 

“.. in the course of a year at least half the journals on the shelves are never looked at 
at all.” 

“Most editors... are ‘half nun, half whore.’” 

“«,.in the 300 years of their existence journals have done little to examine their own 
practices.” 

‘What are editors?” 

“Ifan editor does not please himself,’ he used to say, ‘he will not please anybody.” 
“Defensive editing we do not need.” 

“Medical journals in developing countries are, with very few exceptions, unattractive.” 
“I believe that the future for general medical journals—particularly those published 
in English—is bright. They will undoubtedly change, but they will not disappear.” 





he ‘debate was lively and the opinions conflicting and forcefully expressed 

when, to mark its 150 year past, the BMF decided to join with other general 
medical journals in examining their perhaps not too certain future. At a conference at 
Leeds Castle editors of major general medical journals throughout the world, witt 
experts in information science, sociology, and epidemiology, discussed the functions 
and effectiveness of modern journals, and debated possible choices for development. 
Edited by Stephen Lock, The Future of Medical Journals is a unique compilation ok 
papers on this important but little analysed aspect of medical science. 
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journal’s general and specialist readers), science cannot advance. And 


ensuring that peer review is as accurate, fair, and quick as possible is 
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THE HEALTH OF THE NATION: THE BMJ VIEW 
EDITED BY RICHARD SMITH, EDITOR OF THE BM] 


“.. . a strategy imposed by the government which takes no heed of the views 
of those who will have to implement it . . . is valueless”. 


So writes William Waldegrave, Secretary of State for Health, in his 
introduction to The Health of the Nation, the government’s consultative 
document that sets out a strategy for improving the health of the English. 
Taking Mr Waldegrave at his word on wanting to listen to everybody, the BMF 
commissioned a series of articles that explain the views of some of those most 
concerned. Contributors discuss each of the 16 key areas defined in the strategy 
and suggest other subjects that might qualify as key areas. One article, from 
the Radical Statistics Health Group, is strongly critical of the strategy; others 
are critical of various aspects of it, but almost all of the contributors support the 
idea of setting targets for improving health. Originally published in the BM7, 
this collection of articles is an important contribution to the debate on how to 
achieve health for the nation. Furthermore, the articles will be useful beyond 
the borders of England because most developed countries are now setting 
strategies to improve health. 
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Health Organization, Commission of the European Communities. 

It draws on the experience of tobacco control advocates around the world through a set 
of case studies, each describing a particular action or programme, and highlights the 
reasons for success. Included are classic campaigns for legislation in Australia and 
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the story, who can provide readers with further information. E inally, a substantial 
resources section listing key organisations and resources worldwide will help readers to 
take the next steps to action. 

Clearing the Air is essential reading for anyone interested in the tobacco industry and 
how to campaign successfully for change. 
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Editorial 





Coronary heart disease in Indians, Pakistanis, and Bangladeshis: 
aetiology and possibilities for prevention 


High rates of coronary heart disease in people of South 
Asian (Indian, Pakistani, and Bangladeshi) origin were first 
reported from Singapore, South Africa, and Trinidad in 
the 1950s;’ similar findings were recorded in the United 
Kingdom at the time of the 1971 census.?’ Reliable 
population-based data on coronary mortality from South 
Asia are not available but in two northern Indian cities the 
prevalence of electrocardiographic major Q waves was 
reported to be at least as high as in European populations.‘ ’ 
In England and Wales in 1979-83 coronary mortality was 
36% higher in men born in South Asia and 46% higher in 
women born in South Asia aged 20—69 years than in the 
general population.® This narrowing of the sex difference in 
coronary risk occurs in other overseas South Asian popula- 
tions; in South Africa in 1985 the relative risk of coronary 
death in Indians compared with Europeans was 1-3 in men 
and 1:7 in women.’ The relative risk of coronary disease in 
South Asian men is highest at early ages: in 1979-83 
coronary mortality in men aged less than 40 years born in 
South Asia was more than twice the national average.° The 
high coronary mortality is common to Gujarati Hindus, 
Punjabi Sikhs, and Muslims from Pakistan and Bangla- 
desh.** The consistency of the high risk of coronary heart 
disease in urban South Asian populations around the 
world, affecting both sexes and with early onset, suggests a 
common underlying explanation. 

The clinical picture in South Asian patients with coron- 
ary heart disease is similar to that in Europeans. Smoking in 
South Asian patients is generally less common, average 
plasma cholesterol concentrations are lower and diabetes is 
more common than in European patients.'°"' In patients 
referred for angiography the anatomical distribution of 
disease does not differ between South Asians and 
Europeans although the extent and severity of lesions’are 
greater in South Asians.” ° In population surveys differen- 
ces between South Asians and Europeans in smoking, 
blood pressure, serum cholesterol, or haemostatic activity 
do not explain the high risk in South Asians.” Smoking 
rates are higher in Bangladeshi men” and average blood 
pressures are higher in Sikhs'* than in the native British 
population but in other groups from South Asia the levels 
of these risk factors are similar to or lower thari the average 
for the general population.: Plasma cholesterol concentra- 
tions are similar to or lower than the national average in all 
main groups of South Asian origin.'*”° Atherogenic con- 
stituents in ghee (clarified butter) used in north Indian 
cooking have been suggested as a possible cause of high 
coronary risk in South Asians” but this fails to explain the 


high risk in people originating from southern India’ where ' 


ghee i is less commonly used. 


Non-insulin dependent diabetes is present in about 
20% of South Asian men and women aged over 40 years 
in the United Kingdom, compared with about 5% of 
Europeans.” Similar prevalence rates have been reported 
for other overseas South Asian populations’ and for an 
urban population in southern India.’* Most South Asian 
patients with coronary disease are not diabetic and 
glucose intolerance cannot alone explain more than a small 
proportion of the excess coronary risk in South Asian 
people.” It is now clear that the high prevalence of diabetes 
in South Asians is but one manifestation of a pattern of 
physiological disturbances related to insulin resistance in 
this group: ** these disturbances include hyperinsulin- 
aemia, hypertriglyceridaemia, low concentrations of 
plasma high density lipoprotein cholesterol, and hyper- 
tension. The mechanisms underlying these associations 
are poorly understood. Resistance to insulin-stimulated 
glucose uptake is probably responsible for the glucose 
intolerance, hyperinsulinaemia, and hypertension. Failure 
of insulin to suppress release of non-esterified fatty acids 
from adipose tissue may cause hypertriglyceridaemia,” low 
plasma concentrations of high density lipoprotein choles- 
terol, and changes in the composition and size of particles 
in the low density lipoprotein fraction.” Insulin resistance 
is associated with a pattern of obesity in which a high 
proportion of body fat is deposited intra~abdominally; this 
central obesity tends to develop in South Asians although 
the average body mass index is no higher in South Asian 
men than in European men.’* The ability to store fat in 
intra-abdominal depots and rely on non-esterified fatty 
acids rather than glucose as fuel for muscle may have been 
selected as a thrifty genotype” in a time of scarcity. 

The insulin resistance hypothesis provides a unifying 
explanation for the high rates of both non-insulin-depen- 
dent diabetes and coronary disease in South Asians. The 
lessening of the sex difference in coronary risk in this group 
is also explicable because insulin resistance is associated 
with several risk factors that are normally less prevalent in 
women than in men: these include central obesity, raised 
concentrations of plasma triglyceride, and lower concen- 
trations of plasma high density lipoprotein cholesterol. A 
similar loss of female protection against coronary heart 
disease occurs in non-insulin-dependent diabetes.” If the 


-high risk of coronary artery disease common to all groups 


originating from South Asia results from insulin resistance, 
this effect cannot be mediated mainly through blood 
pressure or high density lipoprotein cholesterol: blood 
pressures are not high in Muslims or Gujarati Hindus, and 
the concentration of high density lipoprotein cholesterol is 
no lower in Sikhs than in native British men.'* 
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A reduction in the risk of coronary heart disease in South 
Asians is likely to require different strategies from those 
recommended for the general population. Control of 
smoking may help to reduce coronary risk in Hindu and 
Muslim men, whose smoking rates are similar to the 
national average, but not in South Asian women or Sikh 
men who rarely smoke.’ The basis for advising South 
Asian communities to reduce saturated fat intake on a mass 
scale so as to lower average plasma cholesterol is open to 
question. In Gujarati Hindus saturated fat intake and 
plasma cholesterol are considerably lower than the national 
average,’ '*'© yet mortality from coronary disease in this 
group is at least as high as in other groups from South Asia 
whose saturated fat intake and plasma cholesterol are close 
to the national average.®°® Control of obesity and increased 
physical activity are likely to be the most effective means of 
reducing the risk of coronary disease in South Asians if the 
insulin resistance hypothesis is correct. Criteria for ideal 
weight based on data for Europeans may be inappropriate 
for South Asians because of differences in body frame size 
and fat distribution. The efficacy of weight loss and physical 
training in reversing insulin resistance in South Asians has 
yet to be demonstrated. Prevention of diabetes and coro- 
nary disease may require control of obesity and regular 
exercise to be maintained throughout life in South Asians. 


PAUL M McKEIGUE 
Department of Epidemiology and Population Sciences, 
London School of Hygiene and Tropical Medicine, 
Keppel Street, London WCIE 7HT 


1 McKeigue PM, Miller GJ, Marmot MG. Coronary heart disease in South 
Asians overseas—~a review. J Chn Epidemiol 1989;42:597-609. 

2 Tunstall Pedoe H, Clayton D, Morris JN, Brigden W, McDonald L. 
Coronary heart attacks in East London. Lancet 1975;11:833-8. 

3 Marmot MG, Adelstem AM, Bulusu L. Lessons from the study of 
immigrant mortality. Lancet 1984;3:1455~-58. 

4 Sarvotham SG, Berry JN. Prevalence of coronary heart disease in an urban 
population in northern India. Circulation 1968;37:939-53. 


McReigue 


5 Chadha SL, Radhakrishnan S$, Ramachandran K, Kaul U, Gopinath N. 
Epidemiological study of coronary heart disease in ‘urban population of 
Delhi. Indian J Med Res 1990;92:424-30. 

6 Balarajan R. Ethnic differences in mortality from ischaemic heart disease and 
cerebrovascular disease in England and Wales. Br Med J 1991;302:560-4. 

7 Steinberg WJ, Balfe DL, Kusmer HG. Decline in the ischaemic heart disease 
any rates of South Africans, 1968-1985. S Afr Med J 1988;74: 

8 Balarajan R, Adelstein AM, Bulusu L, Shukla V. Patterns of mortality 
among migrants to England and Wales from the Indian subcontinent. Br 
Med T 1984;289:1185-7. 

9 McKeigue PM, Marmot MG. Mortality from coronary heart disease i in 
Asian communities in London. Br Med J 1988;297:903. 

10 Lowry PJ, Glover DR, Mace PJ, Littler WA. Coronary artery disease in 
Asians in Birmingham. Br Heart J 1984;52:610-13. 

11 Hughes LO, Cruickshank JK, Wright J, Raftery EB. Disturbances of insulin 
in British Asian and white men surviving myocardial infarction. Br Med J 
1989;299:537-41. 

12 Hughes LO, Raval U, Reftery EB. First myocardial infarctions in Asian and 
white men. Ar Med J 19893;298:1345—-50. 

13 McKeigue PM, Marmot MG, Adelstein AM, et al. Diet and risk factors for 
coronary heart disease in Asians in north- -west London. Lancet 1985; 
ii: 1086-90. 

14 vue GJ, Kotecha S, Wilkinson WH, et al. Dietary and other characteristics 
relevant for coronary heart disease i in men of Indian, West Indian and 
European descent in London. Atherosclerosis 1988;70: 63-72. 

15 McKeigue PM, Marmot MG, Syndercombe Court YD, Cottier DE, 
Rahman S, Riemersma RA. Diabetes, hyperinsulirigemia and coronary 
risk factors in Bangladeshis in east London. Br Heart J 1988;60:390-6. 

16 McKeigue PM, Shab B, Marmot MG. Relation of central obesity and insulin 
resistance with high diabetes prevalence and cardiovascular risk in South 
Asians, Lancet 1991;337:382-6. 

17 Jacobson MS. Cholesterol oxides in Indian ghee: possible cause of unex- 

lained high risk of atherosclerosis in Indian immigrant populations. 
Lancer 1987;11:656-8. 
18 Ramachandran A, Jali MV, Mohan V, Snehalatha C, Visnawathan M. Hi 
prevalence of diabetes in an urban population in south India. Br Med J 
1988;297: 587-90. 

19 Miller GJ, Beckles GLA, Maude GH, er al. Ethnicity and other characteris- 
tics predictive of coronary heart disease in a developing country—prin- 
ia of the St James survey, Trinidad. Int J Epidemiol 1989;18: 

20 Yki-Jarvinen H, Taskinen M-R. fnterrelaticashins among insulin’s 
antilipolytic and glucoregulatory effects and plasma triglycerides in 
nondiabetic and diabetic patients with endogenous hypertriglyceridemia. 
Diabetes 1988;37:1271-78. 

21 Peeples LH, Carpenter JW, Israel RG, Barakat HA. Alterations in low- 
density lipoproteins in subjects with abdominal adiposity. Metabolism 
1989338: 1029-36. 

22 Neel JV. Diabetes mellitus: a ‘thrifty’ genotype rendered detrimental by 
‘progress’. Am J Hum Genet 1962314:353-62. 

23 Barrett-Connor EL, Cohn BA, Wingard DL, Edelstein SL. Why is diabetes 
mellitus a stronger risk factor for fatal ischemic heart se in women 
than in men? The Rancho Bernardo Study. JAMA 1991;265:627-31. 


Q f 


- Ei 7 








Life's special, vital, individual, so it’s good to know 
there's a treatment for mild to moderate hypertension | \ 
that’s as individual. 


9 
s 
New Tildiem Retard 120 offers- ildienm 
The only diltiazem |20mg licensed for hypertension 


3 Efficacy, equivalent to nifedipine! but with fewer side 120 
effects? nn 
3 Good compliance - Once a day dose in the over 65's diltiazem 
and b.d. in the under 65's. 
Life's there for the living.... LETS THEM GET ON WITH LIFE. 


Prescribing Information Presentation: 
Indication and Dosage: (Refer | ta sheet į 


Contraindications: irked brad 
ence of a | Warnings and precautions: 
Side effects: | 
Basic NHS Cost: eta 6 tablets ¢ Product licence numbers: 
hidem Ret 2. References: te } lyperté 6 8: 


A f # 


MDL WRM, / 


Pd 
r 


AOL YO A LOMI de 


f 


VI 





PAUA imli AAi A MAA TAAA NAATA NUL nan AAAA pan aar manne ncn HANNA ANA iinn himinin ea hs 
ses PANN Roewns annette timer Rant RAAAS nnna eeaim panaan aiin nane {Areata ernerretrmbsinat il reenter rer ana AAA SMAI Lee trS A YN he BY RIA oe err renee erway mre SEAS P HSA AA tt AAAA AAAA angaa 
i 
i 
i 
3 
3 


TOBACCO 


ONTROL: 


An International Journal 
Editor: Ronald M. Davis 


Tobacco Control 


is anew quarterly scientific journal being launched 
in March 1992 by the BMJ to consider all aspects 
of tobacco prevention and control. 


The Journal aims to study: 


e The nature and extent of tobacco use 
worldwide 


e The effects of tobacco use on health, the 
economy, the environment and society 


e The efforts of the health community and 
health advocates to prevent and control 
tobacco use 


e The activities of the tobacco industry 
and its allies to promote tobacco use 


To receive more information and a sample copy 
complete the order form below: 


Order Form 


TOBACCO CONTROL ISSN: 0964-4563 
PUBLICATION: Quarterly 
SUBSCRIPTION RATE: INSTITUTIONAL: £80, $140 (USA ONLY) 


"PERSONAL £50, $87 (LISA ONLY} 
Please tick 


[Please enter my subscription, start date -o 
[Please send me a sample copy 
[_]Please send me Instructions to Authors 


CJ enclose a cheque for 0 
(Payable to British Medical journal) 


[JI wish to pay by credit card. 
American Express/Visa(Barclaycard)/Mastercard (Delete as appropriate! 


" Personal Rates are only available on orders placed directly with the Publisher and 
paid for out of personal funds. 


Card Number 
ccna kacee ae aol ae 
Pe ee Se ee ee ge ee ee oe eas KRS eg u e 
Se EEE ret Lene ONS DA Aes OM To) CS RY Uae: SOE Se ENE es Woe So en O, 


MasterCard users should add the numbers appearing above their name 


Signature 00 


(Your signature is essential, especialy when paying by credit carci 


Expiry date _ 





NAME O Lee SS Pe Ce 


Sen DATTERA tPA ENN iets ORGAO RHI UI ARB eiiean re ER RETR pe UR AL e Pore Ran irenmvin a a eet 


Send orders to: 
BM} Publishing Group, BMA House, Tavistock Square, London. WC1H OR. 


| or BMJ Publishing Group, Box No 560B, Kennebunkport, Maine 04046, USA. 





British Heart Journal May 1992 





ABRIDGED PRODUCT INFORMATION 
Refer to Data Sheet before prescribing. 

INDICATIONS 

All grades of essential hypertension and renovascular hyper- 
tension. Congestive heart failure (adjunctive therapy). 
DOSAGE AND ADMINISTRATION 

Hypertension: Initially, 5 mg once daily, reduce starting dose 
to 2.4mg if over 65 years, on diuretics or renally impaired. 
Adjust dose according to response; maintenance usually 
10-20 mg once daily. Maximum dose 40 mg daily. 
Diuretic-treated patients — if possible stop diuretic two to 
three days before starting ‘Innovace’. Resume diuretic later if 
required. 

Congestive heart failure (adjunctive therapy): Initially, 2.5 
mg daily in hospital under medical supervision, increasing to 
the usual maintenance dose of 10-20 mg once daily according 
to response. 

Impaired renal function; May require a lower maintenance 
dose. ‘Innovace’ ts dialysable. 

CONTRA-INDICATIONS 

Pregnancy — stop therapy if suspected, Hypersensitivity to 
‘Innovace’. Patients reacting with angioneurotic oedema to 
previous ACE-inhibitor treatment. 


PRECAUTIONS 
Assess renal function prior to therapy with “Innovace’ and 
during therapy where appropriate. 


Renal insufficiency; possibility of hypotension especially in 

ischaemic heart disease or cerebrovascular disease or in 

volume-depleted patients; surgery/anaesthesia. 

Combination with antihypertensives may increase hypoten- 

sive effect. In some patients with bilateral renal artery steno- 

sis increased blood urea and creatinine has been seen, 

especially in patients treated with diuretics and/or those with 

renal insufficiency. Minimises thiazide-induced hypo- 

kalaemia and hyperuricaemia. Potassium supplements, potas- 

silum-sparing diuretics, and potassium-containing salt 

substitutes are not recommended. 

Possible reduced response in Afro-Caribbean patients. Use 

with caution in breast-feeding mothers. Do not use in aortic 

Stenosis, or outflow tract obstruction. Monitor serum levels of 

lithium, if lithium salts are given. 

SIDE EFFECTS 

Side effects include: dizziness, headache. Others include 

fatigue, asthenia, nausea, diarrhoea, muscle cramps, rash, 

cough. 

Less commonly, angioneurotic oedema; other hypersensi- 

tivity reactions; renal failure; symptomatic hypotension (espe- 

cially if volume-depleted); severe hypotension (more likely if 

severe heart failure); hyperkalaemia, hyponatraemia; 

increases in liver enzymes and serum bilirubin (usually 

reversible on discontinuation of ‘Innovace’), paraesthesiae; 

impotence, 

BASIC NHS COST 

2.5 mg tablets, £10.00 for bottles of 50. 5 mg tablets, £7.86 

for 28-day calendar pack; £14.03 for bottles of 50. 10 mg 

tablets, £11.03 for 28-day calendar pack; £19.69 for bottles of 

50. 20 mg tablets, £13.10 for 28-day calendar pack: £23.40 

for bottles of 50. 

Product licence numbers: 

2.5 mg tablets, 0025/0220; 5 mg tablets, 0025/0194; 10 mg 

tablets, 0025/0195; 20 mg tablets, 0025/0196. 

Issued August 1991, 

® denotes registered trademark of Merck & Co., Inc, 

Rahway, NJ, USA 

References 

1. Kjekshus, J., and Swedberg, K., Amer. J. Cardiol., 1989, 
63, 26D. 

2. The SOLVD Investigators, New Engl. J. Med., 1991, 325, 
293. 

3. Cohn, J. N., et al., New Enel. J. Med., 1991, 325, 303. 





Hertford Road, Hoddesdon, Hertfordshire, EN11 9BU 





eee than patients treated with conventional therapy or a 
vasodilator combination. Three major survival studies involving 
over 3,600 heart-failure patients confirm that the addition of 
‘Innovace’ to optimal diuretic/digoxin treatment can significantly 
improve survival in mild, moderate and severe heart failure when 
compared with placebo’ or a vasodilator combination? 


Live better... 


eee than patients receiving optimal diuretic/digoxin therapy. In 
the CONSENSUS and SOLVD studies, patients with heart failure 
who received ‘Innovace’ in addition to concomitant heart-failure 
treatment showed further improvements as reflected in the 


reduced frequency of hospitalisations'” 








Proving to te ee n mild a mt severe lei Tölur 


72 RNT9LGB.25351.1. 





Capoten treats hypertension whilst maintaining vour 
patients quality of life. 


n . 5 st | ` 
Reducing breathlessness, tatigue and oedema’, Capoten 
offers a new lease of life to your heart failure patients. 


From early days for a bright future 


Climbing stairs more easily, getting out and about, to the 
shops once again, or simply whiling away hours in the garden — 


life stvle is r “assured by ( apoten. i POT H N 


Adds 


IN 


Capoten adds life to vears in 
hypertension and heart failure — a response 
your patients will thank vou for. 





life to years 
HYPERTENSION AND 
HEART FAILURE 


Capoten Prescribing Information (abbreviated) CAPOTEN TABLETS Presentation treatment with allopurinol or procainamide 


Tablets contaming 125mg, 25mg Hypotension: Symptomatic hypotension may occur 
‘Ome captopn!, Indication and Adult Dosage: Mild to moderate hypertension: Capoten is indicated for first lir 


c treatm one or two doses, usually relieved by the patient lying down. Aggressive diuretic therapy miiy 
The starting dose ix 12.Sme bd. The usual maintenance dowe is 25me txt. This mav be increased to < hme bd. Treatment <} j responses usually within one hour of the miual dose of Capoten. Significantly reducing or discontinuing 
be at the lowest effective dose, A thiazide diuretic may be added to Capoten if a satisfactory re sponse has not been ochieved 4-7 days prior to imitating Capoten may reduce the possibility of this occurrence. First dose hypotension does 
Congestive heart failure: í apoter med together with cdhuret md where appropriate, digvtalis, when diuretic thera; ubseguent dose utraton. Hypotension has been occasionally cported in palbents on Capoten due t 
(such as frusermde 40-S8Ome of equivalent) nsullicient to control symptoms. Capoten must be started under chose medica depiction such as vomiting of diarrhoea. Renal artery stenosis, surgery/ anaesthesia, lactation. clink 
supervision A starting dose of 6.245mg or |2 Smg may minimise any transient hypotensive effect. The usual mitintenunce dos Sheet Serum Potassium: Potassium sparing diuretics or potassium supplements should not be used 
ts 25mg bd or tds. The usual maximum dese is [SOme daily. Delay di Mage increases for at lessi 2 weeks, to determine potassium p Usually Maintained in patents on diuretics with Capoten. Side Effects: See Warnings. Rashes 
Satisfactory response has occurred. A low initial dose is recommended in elderly patients who may have renal and other orga disturbance and gastrointestinal upset, usually mild and transient, have been reported Overdosage 
dysfunctions. Contra-indications: Hypersensitivity to captopril. Pregnancy and women of child bearing potenti: Interactions: see Data Sheet. Product Licence Numbers: Capoten Tablets |2.Sme PL 00344022! 
protected by adequate contraception. Warnings Precautions: Renal function should be assessed before and at iporopnial Capoten Tablets 25mg PL 0034/0195; ¢ poten Tablets Sime PL OO344)194. Basic NHS Price 
intervals dunng therpy, Panems with renal empairment should not normally be treated witt captopril. Do not use in pater 125mg tablets 100 - £18.86, 25mg tablets 90 - £19.34; SOmg tablets Q £3295. Legal category 
with aortic stenosis or Outflow tract obstruction. Neutropenia/agranulocytosis, thromboc ytopema and anaemia he beer POM. Capoten is a Squibb Trade Mark. Purther information available on request from: Technica 
reported Dul ure rare in patiems with normal renal function. Patients should report infections and Capoten withdr Services Departm eni, ER. Squibb & Sons Limited. B.M.S. House, 141-149 Stames Road. Hounslow 
neutropenia is suspected - See Data Sheet. Protemuria is rare with prior normal renal function. Capoten should not bk Middx. TW UA. Telep c USI 57/1 7422. Date of preparation: Dec ‘90O. Reference Cannon P) 
routine! ¥ in patients with pre-caisting impaired renal functii Ollagen vascular disea poOsuppre t therapy tal. J] Ami Cardiol 1954; i 55 


hemisiry 





scccuspornally with the f 
ciagecraic hypoter . 


the diuretic dose 


net precis 


me WT acule volu 


see I 
routinely as ses 
iIngioedema, ti 


Data Sheet. De 


SQUIB) 


Br Heart J 1992;67:343-50 


Clinical Epidemiology 
Research Unit 
(University of 
Bradford), 

ent of Public 
Health, Bradford 
Health Authority, 
Bradford, West 
Yorkshire 
T M Knight 
E E M Kernohan 
M R Baker 


Department of 
Dietetics, Bradford 
Health Authority, 
Bradford, West 
Yorkshire 

Z Smith 

P Sahota 


Environmental Health 
Department, 
Bradford 
Metropolitan Council, 
Bradford, West 
Yorkshire 

A Whittles _ 


Department of ` 
Chemical Pathology, 


Leeds General . 
Infirmary, Leeds, West 
Yorkshire 

J A Lockton 


Department of 
Clinical Biochemistry, 


Bradford Royal 
Infirmary, Bradford, 
West Yorkshire 

G Hogg 


Department of 
Chemical PAra Ey, 


Biological Sciences, 
Thornburrow Drive, 
Hartahill, Stoke-on-Trent 
ST4 7QB. 


Accepted for publication 
5 February 1992 


343 


Insulin resistance, diabetes, and risk markers for 
ischaemic heart disease in Asian men and non- 


Asian men in Bradford 


T M Knight, Z Smith, A Whittles, P Sahota, J A Lockton, G Hogg, A Bedford, M Toop, 


E E M Kernohan, M R Baker 


Abstract 

Objective—To examine the hypothesis, 
in a community not studied before, that 
insulin resistance associated with cen- 
tralised adiposity is the mechanism 
underlying the predisposition of Asian 
immigrant communities to both is- 
chaemic heart disease and diabetes 
mellitus. 

Design—Cross sectional study within 
one socioeconomic stratum. 

Setting—Two factories in the textile 
sector in Bradford, West Yorkshire. 

Subjects—Male manual workers of 
Asian (110) and non-Asian origin (156) 
aged 20~65 years. 

Results—Diabetes was almost three 
times more prevalent in the Asian group. 
Two hours after an oral glucose load 
Asian men had double the serum insulin 
concentrations of non-Asian men (p < 
0:0001). Asian men also had significantly 
lower concentrations of plasma total 


cholesterol (p < 0°03), high density 
lipoprotein cholesterol (HDL) (HDL,, 
p < 00001; HDL, p < ©0001), and 


apolipoprotein AI (p < 0-0001). Fasting 
plasma triglyceride concentrations were 
slightly higher (p = 0:072) in the Asian 
men; thus the ratio of triglyceride choles- 
terol was higher (p = 0:006). The inter- 
relation between serum insulin and 
plasma lipid concentrations indicated 
metabolic differences between the ethnic 
groups. Insulin concentrations were as- 
sociated with cholesterol concentrations 
in the Asian men only and there was a lack 
of association between triglyceride, low 
density lipoprotein cholesterol, and HDL 
cholesterol in this group. The risk marker 
profile in the Asian men was therefore 
quite different to that of their non-Asian 
counterparts and was associated with a 
greater tendency to centralised adiposity. 

Conclusion—These data support the 
insulin resistance hypothesis and thus 
have important implications- for 
strategies for the prevention of heart dis- 
ease in Asian communities in the United 


Kingdom. 


Asian people living in the United Kingdom 
have a recognised excess of ischaemic heart 
disease.’ In an extensive review, McKeigue et 


al concluded that high rates of heart disease are 
common in other groups of Asians originating 
from the Indian subcontinent and living over- 
seas.” They suggested that the excess rates seen. 
in immigrant Asian communities cannot be 
explained in terms of the established risk 
factors for heart disease—that is, raised plasma 
total cholesterol and high rates of hypertension 
and smoking. However, studies of such Asian 
communities by McKeigue et al and other 
groups indicated that probable risk factors in 
this group are a higher prevalence of non- 
insulin-dependent diabetes mellitus, lower — 
plasma high density lipoprotein cholesterol 
concentrations, and higher triglyceride con- 
centrations.” ” 

McKeigue et al hypothesised that insulin 
resistance may be common in these people and 
that this may be the underlying mechanism 
leading to both the predisposition to diabetes 
and the atherogenic lipid profile observed.? A 
similar combination of risk markers was des- 
cribed by Reaven’ as “syndrome X”, namely, 
resistance to insulin stimulated glucose uptake, 
glucose intolerance, hyperinsulinaemia, 
increased very low density lipoprotein choles- 
terol, decreased high density lipoprotein 
cholesterol, and hypertension. 

Diabetes, insulin resistance, and cardiovas- 
cular disease have separately been associated 
with a tendency to centralised adiposity, where 
adipose tissue is deposited preferentially on the 
trunk and intra-abdominally.? Body fat dis- 
tribution may therefore have a role in the 
insulin resistance hypothesis of McKeigue etal 
and in Reaven’s “syndrome X”. ° 

In their latest study McKeigue et al tested 
their hypothesis in a large population survey in 
London ‘(using factory workers and general 
practice patients). The results confirmed the 
existence of the syndrome in the Asian subjects 
and this was associated with a greater tendency 
to centralised adiposity. The population 
studied was predominantly Sikh (52%) with 


- 20% of Hindu and 15% of Muslim culture. 


Bradford, West Yorkshire, has a high propor- 
tion of residents originating from the Indian 
subcontinent. In the 1981 census, 15% of 
residents were living in households headed by 
an Asian-born man."' Around two thirds of 
these were Muslims from Pakistan. It was 
therefore of interest to investigate the insulin 
resistance hypothesis in this different Asian 
community. 

This paper describes a study in which a wide 
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range of risk markers, both established ones 
and ones that were relevant to the hypothesis in 
question, were measured in Asian and non- 
Asian men resident in Bradford in 1989. 
Apolipoproteins AI and B were measured 
because they are the major protein components 
of the lipoproteins of interest and they have 
been suggested as predictors of coronary heart 
disease risk.’ 


Patients and methods 

The protocol for this study was approved by 
the district ethics committee and informed 
consent was obtained from all the men. 


SUBJECTS 

We studied male, skilled manual workers of 
Asian and non-Asian origin, aged 20-65 years. 
They were classified as Asian or non~Asian by 
name and self-reported origin. 


SAMPLING 

Local firms in the traditional textile industry in 
Bradford were invited to participate in the 
study. Two factories that responded were 
selected on the basis of the number of Asian 
men in the workforce and the comparability of 
labour both between and within factories. The 
study was confined to departments where men 
of both Asian and non-Asian origins worked 
together. Because participation in the study 
was voluntary we made every effort to maximise 
response rates. 


PROCEDURE 

The men were asked to complete a lifestyle 
questionnaire (to obtain demographic details; 
medical histories; and information on smoking 
habits, exercise routine, and alcohol use), a 
food frequency questionnaire, and a three day 
diet diary. Blood samples were taken during a 
morning appointment and during an afternoon 
session; blood pressure was measured, 
anthropometrical measurements made, and 
completed questionnaires and diet diaries were 
checked through with each man. At all times 
one of the research team (PS) was available to 
translate into Asian languages. 


BLOOD SAMPLES . 
The men were asked to fast overnight. Venous 


blood samples were taken between 7 and 8 am, 


after a minimum of 15 minutes of seated rest, 
for plasma lipid determinations. Samples for 
plasma glucose and serum insulin analyses 
were then taken two hours after ingestion of an 
oral dose of 75g glucose (taken in 330 ml 
Lucozade). The men fasted over the two hour 
period. 


BLOOD PRESSURE 

These measurements were made with an elec- 
tronic sphygmomanometer (Copal, Pulse, UK) 
by one observer only. Two measurements were 
made while each man was seated. The first was 
x taken after at least 15 minutes’ rest to familiar- 
ise the subject with the procedure and the 
second was taken after a further 15 minutes’ 


rest. Only, the second readings were used for 
the present analyses. A systolic pressure of 
>160 mm Hg or a diastolic pressure of 
290 mm Hg or both were the criteria for 
raised blood pressure. 


LIFESTYLE ASSESSMENT 

Smoking habit was recorded as never, ex, or 
current; for current smokers the usual number 
of cigarettes smoked per day was also recorded. 
Usual consumption of alcoholic beverages was 
recorded as number of glasses of appropriate 
size and converted to standard units. The men 
were asked to list physical activity taken during 
leisure time on a regular basis—that is, every 
week for at least 20 minutes each time. These 
activities were coded as light, moderate, or 
strenuous according to lists published by the 
Health Education Authority.” 


LABORATORY DETERMINATIONS 
Lipid/lipoprotein assays were performed in the 
Clinical Biochemsitry Department, Harrogate 
General Hospital. Total plasma cholesterol was 
measured enzymatically by the method of 
Allain et al,'* modified for the IL Monarch 
Centrifugal Analyser. Kits were supplied by 
Instrumentation Laboratory (UK). Calibra- 
tion was against a secondary standard supplied 
by Coulter Electronics. Within batch precision 
was 1:43% at a concentration of 6:23 mmol/l 
and between batch precision was 2:03% at a 
concentration of 6-25 mmol/l. High density 
lipoprotein cholesterol and its subfractions 
were measured by the polyethylene glycol 
precipitation method of Gidez et al” followed 
by cholesterol measurement as above. Calibra- 
tion was against a secondary standard (BCL 
Precilip, UK). Within batch precision was 
1:48% at a concentration of 1:23 mmol/l. Be- 
tween batch precision was 4:3% at the same 
concentration. The secondary standards des- 
cribed above were validated against human 
serum pools provided by the Center for Disease 
Control, (CDC), Bethesda, USA and NHLI 
for their lipid standardisation programs. The 
concentration of low density lipoprotein 
cholesterol was calculated by the Friedwald 
equation. Triglycerides were measured on an 
IL Monarch Centrifugal Analyser by a com- 
mercially available kit (Instrumentation 
Laboratories, UK) based on the method of 
Bucolo and David.” The assay was standar- 
dised by calculating triglyceride as the triolein 
equivalent based on the-molar absorption 
coefficient of NADH. Intra-assay precision was 
2-20% at a concentration of 2-65 mmol/l and 
inter-assay precision was 2-63% at 2:63 mmol/ 
1. Apolipoproteins AI and B were measured by 
a turbidometric immunoassay.’® The assays © 
were performed on a Monarch 1000 analyser 
(Instrumentation Laboratories, UK). Stan- 
dards were referenced to material provided by 
CDC. The precision of assays both within and 
between batch was less than 2-6%. 

Plasma glucose and serum insulin concentra- 
tions were determined in the Clinical Bio- 
chemistry Department, Bradford Royal Infir- 
mary. Plasma glucose was assayed along with 
routine NHS specimens, by an enzymatic 
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method specific for glucose. Samples were 
assayed on the same day as collection and thus 
batch precision data are not available. 
However, samples were subject to routine 
quality control procedures. The men were 
classified as normoglycaemic if their glucose 
concentration two hours after the oral dose was 
<7-0 mmol/l. Impaired glucose tolerance was 
suspected when concentrations were between 
7:0 and 11:0 mmol/l and diabetes was suspec- 
ted when concentrations were > 11-0 mmol/l.” 

Serum insulin concentrations were 
measured by a commercially available kit by 
Radioimmuno assay (Pharmacia, UK). Within 
assay precision was below 10% over the range 
of concentrations measured. Control sera were 
supplied with kits for internal quality control. 
We also used an external quality control system 
administered by the Department of Biochemis- 
try, Guildford Hospital. Results from the 
Bradford laboratory were consistently within 
the cluster of values reported by participating 
Jaboratories and were never classed as outliers. 


ANTHROPOMETRY 

All anthropometrical measurements were made 
by one observer only (AW). The men were 
measured in their underclothes. Weight was 
measured to the nearest 0-1 kg and height to the 
nearest 0-1 cm with the head parallel to the 
floor. The body mass index was calculated as 
the ratio of weight (kg) to the square of height 
(m*). Circumference measurements were made 
to the nearest 0-1 cm with a tape measure that 
had a spring balance attached to ensure consis- 
tency of measurement pressure. The circum- 
ference of the mid-upper arm was measured at 
the mid-point between the tips of the acromion 
and the olecranon. The waist was measured as 
the smallest circumference between the costal 
margin and the iliac crest. Hip measurements 
were made at the level of the most lateral point 
on the great trochanter. Thigh circumference 
was measured at the position of maximum 
girth. Skinfold thicknesses were measured with 
Holtain calipers to the nearest millimetre at five 
standard sites: triceps, subscapular, suprailiac, 
anterior thigh, and suprapatellar. Three 
measurements were taken at each site on the 
non-domunant side of the body. Data are pres- 
tended as arithmetic means. 


STATISTICAL ANALYSES 


We analysed questionnaire, and clinical data 


Table 1 Mean (95% CI) plasma glucose, lipids and serum insulin concentrations*® 


Variable 


Plasma glucose (mmol/1) 
Serum insulin (mU 

Total cholesterol (mmol/}) 
LDL cholesterol (mmol/l 
HDL, cholesterol (mmol/l) 
HDIL, cholesterol (mmol/]) 
Triglyceride (mmol/l) 
Triglyceride:cholestero] ratio 
Apo ÀI (mmol/D 

Apo B (mmol/f) 


Non-Asian Asian” 

(n = 148) (n = 96) pt 
3:5 (3-4 10 3-7} 3-8 (3-7 to 4-0) 0-016 

10-2 (9-1 to 11-5) "22:3 (19:3 to 25-8) <0-0001 
5-7 (5-5 to 5-8) 5-4 (5-2 to 5-6) 0-030 
3-6 (3-5 to 3-8) 3:5 (3:3 to 3° 0-283 
0-3 (0-3 to 0:3) 0-2 (0:2 to 03) <0:000) 
1-1(1:0 to 1:1) 0-9 (0:8 to 0-9 <0-0001 
1-3 (1-2 to 1-4) 1-4 (1:3 to 1°6) 0-072 
0-26 (023 to 0:28) 0-32 (0:29 to 0-35) 0-006 
1-2 (1-2 to 1:3) 1-1 (+l to 1-2) <0-0001 
0-7 (0-6 to 0-7) 0-7 (0-6 to 0-7) 0-383 


*Means for glucose, total, low density lipoprotein (LDL), and high density lipoprotein 3 
(HIDL,) cholesterol -gre arithmetic. Means for insulin, HDL, cholesterol, triglyceride, and 
apolipoproteins are geometric. All adjusted for age and body mass index (95% CI). 

{Significance of F, analysis of variance between ethnic groups (with age and body mass index as 


covariates). 


with the SPSSX Software Program. Data for 
plasma triglyceride, high density lipoprotein, 
cholesterol, apolipoproteins and serum insulin 
concentrations were logarithmically trans- 
formed, means are therefore geometric. For 
parametric statistical tests we used two tailed p 
values unless indicated otherwise. To inves- 
tigate univariate associations between variables 
we used Spearman rank correlations (two tailed 
p values). Multivariate associations were inves- 
tigated by multiple regression with stepwise 
addition and deletion of predictor variables. 
Dietary data will be reported in a separate 
paper. Because the dietary methods used (food 
frequency questionnaire and three day diet 
diary) allow comparison of mean intakes be- 
tween groups only these data were not entered 
into the correlation or regression analyses. 


Results 

RESPONSE RATES 

Of the eligible men invited to participate, 
73:7% from factory A and 76-2% from factory 
B entered the study. The response rate was 
higher among Asian men (83-4%) than non- 
Asian men (70-6%). After entering the study 27 
men were lost: four owing to long-term sick 
leave, three left the factory, nine could not fully 
meet study requirements because of shift pat- 
terns, and 11 withdrew (3-4%). The range of 
blood analyses was incomplete for 22 men 
(owing to lack of material). Thus the analyses 
presented here are based on complete sets of 
data from 156 non-Asian and 110 Asian men 
(844% of the original sample). In terms of 
religion, the Asian sample was representative of 
the Bradford population, with 63:5% Muslims 
(Pakistani or Punjabi), 31-3% Hindu (mainly 
Gujarati), and 5-2% either Sikh or of no stated 
religion. Because of the small sample sizes the 
results have not been presented for these sub- 


groups. 


AGE 

The mean age of both ethnic groups was similar 
(non-Asians 41-0 years, range 20-65 years; 
Asians 39:3 years, range 20-62 years). Data 
were adjusted for age where appropriate. 


BLOOD PRESSURE 

Mean systolic blood pressure was significantly 
higher in non-Asian men (137-4 mm Hg, 95% 
CI 134:8 to 139-9} than in Asian men (131-4 
mm Hg, 95% CI 128-1 to 134-8) (p = 0-006). 
Mean diastolic pressure was, however, similar 
in both groups (non-Asians 79-6 mm Hg (78-0 
to 81:2) and Asians 79-5 mm Hg (77:5 to 81-6). 
However, 26-6% of Asian men in the initial 
sample were found to have raised blood pres- 
sure compared with 23-1% (p = 0-05) of non- 
Asian men. 


DIABETES 

By the criteria set out above, seven non-Asian 
men and 14 Asian men were classified as having 
suspected diabetes. Of these 21 men, five 
(23-8%) were undiagnosed upon entry to the 
study. Diabetes was 2-8 times more common in 
the Asian men (12:7% v 45%; difference 8-2%, 
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Table 2 Inter-correlations* between serum insulin, plasma lipids, and waist-to-hip ratio 








va n Š Cholesterol { mmolji) ; 
aist-to~hip Serum Triglyceride Apolipoprotein 
ratio insulin (mUJI) HDL 2 HDL3 LDL (mmol/l) Al ( molli) 
Insulin (mU): 
Non-Asian 0-31 — — == — = aisy 
Asian O46 — = = = = a 
Cholesterol (mmol/1): 
HDL, 
Non-Asian ETR —0:13 ~— — — = 2 
. Aman —0- — 0-348 — -e Zi 
HDL: 
Non-Asian —0-30§ —0-20t 0-698 _ = 
Asian —0:30§ — 0-358 0:645 — — — 
LDL: 
Non-Asian 0-26ċt 0-10 —0-26t —0-29§ = s 
0-14 0-21} -0-10 —0-07 — — 
nei (mmol/l): 
ei 0-33§ —0: —0-55§ 8§ = = 
0: 0-316 —0: ~0-47§ 5 an as 
Apsieprtn (mmol/1) 
Non-Asian —0-10 0-15 0-62 074 —0-10 —0-17ł z 
Asian 0-07 —0:04 0-456 0-67 —0-01 — 0-01 a 
B: 
Non-Asian 0-46§ 0-28 — 0-468 —0-5 aot 0-80§ — 0-248 
Asian 0-408 0-368 —0-41§ —0- 0-7 0-808 ‘ 005 


*Spearman rank correlation coefficient (r) with significance (p) (two tailed) <0-05 t, 0-01 f, 0-0001 § given for non-Asian men (n = 148) and Asian men (n = 96). 


95% CI 1-2to 152p < 0-02). Only one, a non- 
Asian man had a two hour glucose concentra- 
tion within the range for impaired glucose 
tolerance. For all the other analyses, we used 
the data for normoglycaemic men only (that is, 
148 non-Asian men and 96 Asian men). 


SERUM INSULIN, PLASMA GLUCOSE, LIPIDS AND 
LIPOPROTEINS 

Mean glucose concentrations two hours after 
an oral dose were significantly higher in Asian 
men (p = 0-016) even though at the same time 
their serum insulin concentrations were over 
double those of non-Asian men (p < 0:0001) 
(table 1). There were significant positive 
correlations between glucose and insulin con- 
centrations in both Asian (r = 0-514 p < 
0-0001) and non-Asian men (r = 0:566 p < 
0-0001). 

Asian men had significantly lower mean con- 
centrations of total (p = 0-03) and high density 
lipoprotein cholesterol (p < 0-0001 for both 
subfractions) and apolipoprotein AI (p < 
0-0001). Mean concentrations of low density 
lipoprotein cholesterol were similar in both 
ethnic groups. The higher triglyceride concen- 
tration in Asian men was of borderline sig- 
nificance (0-05 < p < 0-1). The ratio of 


Table 3 Anthropometric measurements (age adjusted arithmetic means (95% 
) 





triglyceride to cholesterol was significantly 
higher in Asian men (p = 0-006). Mean con- 
centrations of apoupoproren B were the same 
for both groups. 


ASSOCIATIONS BETWEEN SERUM INSULIN AND 
PLASMA LIPIDS 

In both ethnic groups there were significant 
(p < 0-0001) positive correlations between 
insulin and triglyceride concentrations (table 
2). Insulin was significantly and positively 
correlated with low density lipoprotein choles- 
terol and apolipoprotein B in Asian men 
(p < 0-01 and p < 0:0001) but not in non-. 
Asian men. Similarly, insulin was strongly 
inversely correlated with high density 
lipoprotein cholesterol in Asian men 
(p < 0-0001 for both subfractions) whereas in 
non-Asian men there was a weak correlation 
with HDL, cholesterol only (p < 0-05). 


INTRA-LIPID CORRELATIONS 

Inter-ethnic differences were seen, in that sig- 
nificant inverse correlations between both high 
density lipoprotein cholesterol subfractions 
and low density lipoprotein cholesterol (p < 
0-01, p < 0:0001) and between apolipoprotein 
B and apolipoprotein AI (p < 0-0001) were 
found only in the non-Asian group. Similarly, 
the positive correlation between low density 
lipoprotein cholesterol and triglycerides was 


confidence interval only significant in non-Asians (p < 0-0001). 
Non-Asian Asian ; 

Variable (n = 148) (n = 96) p value* ANTHROPOMETRY 

BMIt 25-0 (24-5 to 25- 23-8 (23-2 to 24-4) 0-003 Table 3 shows the anthropometric data. The 

MUAC (cm)} A L ane O SEA oe mean body mass index was significantly lower 

WHR§ : ‘89 to © to : : — A. : 

Thigh circumference (cm) 50-4 (49-7 1051-0) 48-2 (47-4t0489)  <0-0001 in the Asian group (p = 0-003). Mid upper arm 

a’ Gate cay, beet balan Sh Cees ty) armas 
ubscap infold (mm ` -7 to 17- to < ar í : 

Suprailac skinfold (mm) 14-2 (13-3 t0152) 179 a to 19- T <0-0001 ferences were significantly greater in non-Asian 

Thigh skinfold (mm) 12-7 (12-1 to 13-4) 13-9 (13-0 t0.14-7) 0-032, men (p = 0-008, p < 0-0001). In contrast, the 

Suprapatellar skinfold (mm) 8-8 (8-4 to 9-2)” 9-1 (8-6 to 9-6) 0-305 





*Significance of F, analysis of variance between ethnic groups (age in years as covariate). 


arm circumference (cm 


ind mass index: weight/height’. 


d upper. ). 
tio of waist (at least circumference) (cm) to hip circumference (cm). 


mean waist-to-hip ratio was higher in Asian 
men (p = 0-004). Skinfold thicknesses were 
greater in Asian men at all sites, but the ethnic 
differences in mean thickness were greatest for 
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Table 4 Smoking habits, exercise routine, and usual alcohol consumption 


Non-Asian Asian 
Data {nm 148} {a = 96) p value* 
Smokers 65 (43-9%) 42 (43-8%) p > 0-05 
Cigarettes per dayt . 15-5 (13-3 to 17 6) 9-6 (6:9 to 12-4) : 0-001 
Alcohol consumers 138 (93-2%) 35 (36-5%) <0-0001 
Units per week 24-3 (21-0 to 27-7) 19-5 (12-6 to 26-2) 0-203 
Strenuous exerciset 122 (82-4%) 87 (90-6%) > 0-05 


*Significance of F, analysis of variance between ethnic groups for group means and significance 
of difference between two proportions. . 4 

tAmong smokers only. 

{Number (%) mot taking regular exercise (at least once a week for at least 20 minutes). 


the truncal subscapular and suprailiac sites 
(both p < 0-0001). Triceps and thigh skinfolds 
were only moderately thicker (p = 0-011 and 
p = 0-032) and suprapatellar skinfold thick- 
nesses showed no ethnic variation. Because the 
waist-to-hip ratio is a reliable measure of 
centralised adiposity,” the following results are 
presented for this anthrompometric measure- 
ment only. 


ASSOCIATIONS BETWEEN WAIST-TO-HIP RATIO, 
SERUM INSULIN, AND PLASMA LIPIDS 

“Strong (p < 0-0001) positive correlations were 
found between insulin concentrations and 
waist-to-hip ratio in both ethnic groups (table 
2), although the correlation coefficient was 
higher for the Asian group. Triglyceride and 
‘apolipoprotein B concentrations were 
positively correlated (p < 0-0001) with waist- 
to-hip ratio in both ethnic groups; low density 
lipoprotein cholesterol was correlated with this 


Table 5 Multivariate associations* between variables implicated in the insulin 
resistance syndrome? . 








RY statistic (cumulative) 

l Non-Astans Asians 
Relation {n = 148) (n = 95) 
Insulin related to: 

2 h glucose (mmol/l) (+) 0-316 0:256 
Triglyceride (mmol/l) (+) 0-386 ~ 
Waist:hip ratio +) m 0-421 
Apolipoprotein (+) ee 0-454 
p value <0-0001 <0-0001 
Total HDI. cholesterol related to: 
HDL, cholesterol (mmol/t) (+) 0-935 0-921 
HDL, cholesterol (mmol/l) (+) 0-993 0-991 
” p value < 0-0001 <0-0001 
HDL, cholesterol related to: 
Apolipoprotein AI (mmol) (+) 0-534 0-443 
Triglyceride (mmol/l) (~—) 0-714 0-659 
HDL, cholesterol (mmol/l)'\(+) 0-729 —— 
p value < 0-0001 < 0-0001 
Apolipoprotein AI related to: 
HDL cholesterol (mmol/l) (+) 0-553 0-406 
Triglyceride (mmol/l) (—) 0-629 —_ 
Strenuous exercise (frequency) (+) 0-639 — 
Alcohol intake (units/week) (+) 0-648 — 
Apolipoprotein B (mmol/l) (—) m 0-54] 
p value <0-0001 <0-0001 
Triglyceride related to: 
Apolipoprotein B (nmol/l) (+) - 0-611 0-626 
LDL cholesterol (mmol/l) (+) 0-753 0-833 
Alcohol intake (units/week) (+) 0-766 — 
HDL cholesterol (mmol/l) (—) 0-782 me 
Waist:hip ratio (+) ~~ 0-838 
p value <0-0001 <0-0001 
Apolipoprotein B related to: 
EBs pice (mmol/l) (+) 0-611 0-630 
LDL cholesterol (mmol/l (+) 0:864 0-899 
p value <0-0001 <0-0001 





*Multiple regression with stepwise addition and deletion of variables. Statistic given is adjusted 
R? (cumulative) for the regreasion equation after addition of each predictor variable. The p value 
is the significance of the F value for the complete equation—that is, si of combined 
predictor variables. Predictor variables were all previously found to contribute significantly and 
independently to variance of the dependent variables. The sign in parentheses shows the 
direction of the relation. 

HDL, high density lipoprotein; LDL, low density lipoprotein. 
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ratio in non-Asians only (p < 0-01). There 
were inverse correlations between waist-to-hip 
ratio and high density lipoprotein cholesterol; 
the weakest correlation was seen in non-Asians 
for HDL, cholesterol (p < 0-01, others 
p < 0:0001). No significant correlations be- 
tween apolipoprotein AI and waist-to-hip ratio 
were found. 


SMOKING, EXERCISE, AND ALCOHOL 
Table 4 gives details of these aspects of life- 
style. The proportion of non-Asian mean who 
were current smokers (43:9%) was similar to 
the proportion among Asian men (43:8%). 
However, non-Asian smokers smoked more 
cigarettes per week on average than Asian 
smokers (p = 0-001). Most (93-2%) of the 
non-Asian men regularly consumed alcoholic 
beverages whereas only 36-5% of Asian men 
did. Among alcohol consumers, non-Asian 
men drank on average more units weekly than 
Asian consumers, although the difference was 
not significant. Most (82-4%) of the non-Asian 
men and even more Asian subjects (90-6%) did 
not take strenuous exercise regularly. 


MULTIVARIATE ANALYSES 

We investigated the associations between the 
biochemical, anthropometrical, and lifestyle 
variables by multiple regression analyses (step- 
wise addition and deletion). Predictor variables 
were chosen according to biological relevance 
and the strength of the univariate correlation 
with each dependent variable and were entered 
into the equation in order of decreasing 
strength of this univariate correlation. Table 5 
summarises the results of these analyses. Only 
significant (5% level) independent predictors 
are shown, along with the cumulative (adjus- 
ted) R? with the significance (F value) of the 
contribution of combined predictors after al- 
lowance for other terms in the equation. 

Two hour glucose concentrations and 
triglyceride concentrations were significant 
independent predictors of two hour insulin 
concentrations in non-Asian men; together 
they accounted for 38:6% of the total variance. 
In Asian men two hour glucose, waist-to-hip 
ratio, and apolipoprotein B concentrations 
made significant contributions; together they 
accounted for 45:4% of the total insulin 
variance. 

Total high density lipoprotein cholesterol 
concentrations were almost completely depen- 
dent upon the variance of the HDL, subfrac- 
tion in both ethnic groups. In turn, HDL, 
cholesterol concentrations were significantly 
related to apolipoprotein AI and triglyceride 
concentrations. Together these accounted for 
65-9% of total variance in Asian men and 
71:4% in non-Asian men. In non-Asian men 
the HDL, concentration was also found to be a 
significant predictor. 

Apolipoprotein AI concentrations were 
related to high density lipoprotein cholesterol 
and triglyceride concentrations in non-Asian 
men, whereas in Asian men high density 
lipoprotein cholesterol and apolipoprotein B 
concentrations were significant independent 
predictors. In Asian men 541% of total 
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apolipoprotein AI variance was explained by 
these predictors only. In non-Asian men the 
inclusion of frequency of strenuous exercise 
and usual weekly alcohol consumption also 
made significant improvements to the model, so 
that a total of 64-8% of the variance was 
explained. 

Triglyceride, apolipoprotein B, and low den- 
sity lipoprotein cholesterol concentrations 
were closely inter-related in both ethnic 
groups. However, in non-Asian men alcohol 
consumption and high density lipoprotein 
cholesterol concentration also contributed to 
triglyceride variance, whereas in Asian men the 
waist-to-hip ratio was a significant independent 
predictor. 


Discussion 
We found clear differences in the frequency of 
risk markers between Asian and non-Asian 
men, Asian men showed a pattern of risk 
markers similar to that described by McKeigue 
et al for other immigrant Asian communities in 
the United Kingdom’ that was consistent 
with the “syndrome X” described by Reaven,’ 
that is: raised concentrations of serum insulin 
in response to glucose, poorer glucose 
tolerance, decreased plasma high density 
lipoprotein cholesterol, raised plasma 
triglyceride, and an increased risk of non- 
insulin-dependent diabetes mellitus. “Syn- 
drome X” also includes hypertension. We 
found limited evidence of an increased ten- 
dency to raised blood pressure in our Asian 
group. Others found higher blood pressure or a 
higher prevalence of hypertension among 
Asian groups; and mortality from strokes 
was recently reported to be 53% higher in 
Asian men! than the United Kingdom average. 

Reaven postulated that where there is resis- 
tance to insulin stimulated glucose uptake, 
deterioration of glucose tolerance can only be 
prevented if the $ cells are able to maintain 
increased insulin secretion. If this state of 
hyperinsulinaemia cannot be maintained then 
loss of glucose tolerance would result, followed 
by overt diabetes mellitus. Thus a state of 
hyperinsulinaemia resulting from insulin resis- 
tance would be characteristic of individuals or 
groups at increased risk of diabetes. In our 
study, serum insulin concentrations in Asian 
men two hours after glucose loading were over 
double those of the non-Asian men and yet 
tolerance was poorer (although still normal) in 
Asian men. The prevalence of diabetes in the 
total sample was nearly three times higher in 
Asian men. Thus there were clear signs of 
insulin resistance in our, as yet, healthy and 
normoglycaemic Asian men, who were at an 
increased risk of diabetes. Three other pub- 
lished studies have measured these variables in 
Asian communities in the United Kingdom. 
All three reported insulin concentrations after 
glucose loading to be at least twice as high in 
Asian men as in non-Asian men and diabetes to 
be two’ and four’ '° times more prevalent in the 
Asian communities. 

The association between insulin resistance 
and an increased risk of atherosclerosis may be 
mediated through the reduced concentrations 


of plasma high density lipoprotein cholesterol 
and raised concentrations of plasma 
triglyceride associated with increased insulin 
concentrations. The exact mechanisms at work 
have not yet been fully elucidated but they may 
involve both an increase in the synthesis of very 
low density lipoprotein triglyceride (owing to a 
lack of suppression of adipocyte triglyceride 
lipase by insulin) and reduced clearance of very 
low density lipoprotein from the very low 
density/intermediate density/low density 
lipoprotein metabolic pathway (caused by lack 
of stimulation of lipoprotein lipase in adipose 
tissue by insulin). The result would be a 
saturation of the pathway and thus an increase 
in plasma triglyceride concentrations and in the 
ratio of plasma triglyceride to cholesterol’! ? as 
seen in the Asian men. The lack of association 
between triglyceride, low density lipoprotein 
and high density lipoprotein cholesterol, and 
apolipoproteins AJ and B in the Asian men 
certainly accords with this suggested distur- 
bance in lipoprotein metabolism. Plasma 
triglyceride and high density lipoprotein 
cholesterol concentrations were inversely 
correlated in both groups as was reported 
elsewhere.” Overall the inverse correlation 
between serum insulin and plasma high density 
lipoprotein cholesterol concentrations was sig- 
nificant only in Asian men. Likewise, a sig- 
nificant positive association between insulin 
and both low density lipoprotein cholesterol 
and apolipoprotein B concentrations was found 
for Asian men only. 

Though inferences made from correlational 
data such as these are limited, our results seem 
to support the conclusion that the Asian men 
were showing signs of a disturbance of lipid and 
lipoprotein metabolism consistent with an ath- 
erogenic lipid profile and that this was 
associated with insulin insensitivity. 

In addition to the associations found be- 
tween insulin and lipid concentrations, strong 
associations were also seen between an 
increased tendency to centralised adiposity 
(represented by the waist-to-hip ratio) and 
increasing insulin, triglyceride, and 
apolipoprotein B concentrations and decreas- 
ing high density lipoprotein cholesterol 
concentrations. Such associations have been 
reported before.’ However, our Asian men 
showed a significantly greater tendency to cen- 
tralised adiposity—that is, a greater waist-to- 
hip ratio and greater subscapular and suprailiac 
skinfold thickness, even though their mean 
body mass index was lower than that of the 
non-Asian men. Furthermore, the positive 
association between waist-to-hip ratio and 
serum insulin concentrations was strongest in 
the Asian men. 

Multivariate analyses were undertaken to 
explore further these inter-relations. As may 
have been predicted, glucose and insulin were 
associated in both ethnic groups as were high 
density lipoprotein cholesterol and 
apolipoprotein AI and triglyceride/low density 
lipoprotein cholesterol/apolipoprotein, B. 
However, of most interest here were the ethnic 
differences in associations. The waist-to-hip 
ratio was a significant independent predictor of 
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variance in insulin and triglyceride concentra- 
tions in Asian men only. Alcohol consumption 
and frequency of strenuous exercise were sig- 
nificant contributors in non-Asian men only. 
Results from multivariate analyses such as 
these should of course, not be taken to imply 
cause and effect; variables included were 
measured with varying degrees of precision and 
this can amplify or reduce the strength of 
associations. However, our results do confirm 
that central adiposity and the “syndrome X” 
factors are interrelated in Asians and that the 
interrelation between insulin and lipid 
metabolism shows ethnic variation. 

Our results are remarkably similar, both 
qualitatively and quantitatively, to the results 
from McKeigue et al’s most recent study.” In 
the London community studied, the Asian 
subjects had a higher prevalence of diabetes, 
higher insulin and triglyceride concentrations 
after glucose loading and lower high density 
lipoprotein cholesterol concentrations. Mean 
waist-to-hip ratios and truncal skinfold thick- 
ness were higher in the Asian group. The 
results of our correlational analyses also accord 
with those reported by McKeigue et al. 

Because McKeigue et al studied more people 
they were able to analyse their data by religious 
subgroup. In Muslims and Hindus the results 
for diabetes prevalence insulin and triglyceride 
concentrations after glucose loading, and 
measures of central adiposity were similar. We 
too found no differences between our smaller 
groups of Muslims and Hindus for these vari- 


ables (except for triglyceride concentrations. 


after glucose loading, which we did not 
measure) and also no difference in mean blood 
pressure. The insulin resistance hypothesis 
seems to apply equally to both cultures and 
McKeigue et al concluded that because heart 
disease mortality is high in Hindus, Sikhs, and 
Muslims, these findings point to the insulin 
resistance syndrome as the most plausible 
explanation for their excess risk. However, 
McKeigue et al found within Asian variation 
for some variables; that is, smoking rates, blood 
pressure, plasma total cholesterol, and high 
density lipoprotein cholesterol. We too found 
higher smoking rates and lower high density 
lipoprotein cholesterol concentrations in 
Muslims; and fasting triglyceride concentra- 
tions were also higher in this group. These 
differences are consistent with our dietary infor- 
mation. This is to be reported separately, but in 
brief, the Muslim diet was higher in meat and 
lower in vegetables than the Hindu diet, with a 
resulting lower ratio of polyunsaturated to 
saturated fatty acids (0-4v0-6,p < 0-01). Only 
three (49%) Muslims drank alcohol regularly, 
whereas 27 (90%) of Hindus did, but at a 
moderate level (mean intake 15-4 units per 
week). Moderate alcohol consumption has 
been associated with increased concentrations 
of high density lipoprotein cholesterol.” 

One hypothesis suggests. that diabetes 
mellitus is the modern result of a thrifty 
genotype that is capable of overproduction of 
insulin as an energy conserving mechanism 
under conditions of periodical famine and low 
energy intake.” An increased incidence of 
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diabetes would therefore be expected in a 
people transported from such an environment 
into urban British life. One recent study has 
compared British Asian residents in Man- 
chester with Asian residents in India (both 
groups originating from the north west of 
India). The prevalence of diabetes mellitus and 
insulin concentrations two hours after glucose 
loading were, however, similar in both groups, 
although both were substantially higher than 
those measured in a British non-Asian control 
group (Dr J Dhawan, personal communica- 
tion). Perhaps a comparison of very carefully 
selected groups with completely contrasting 
lifestyles would shed more light on aetiology. 

If, as our studies suggest, centralised body 
fat distribution and insulin resistance do play 
an important part in the predisposition of 
immigrant Asiam communities to athero- 
sclerosis, then there are important implications 
for prevention. Although smoking, high 
plasma total cholesterol, and hypertension 
when present are still likely to confer an 
increased risk of heart disease in Asian people, 
perhaps preventive strategies aimed at Asian 
communities should also target the reduction 
of the waist-to-hip ratio. How feasible this 
would be depends on whether central adiposity 
is an acquired or genetic trait. As yet this is still 
a subject of debate.’ A recent study, however, 
has shown that habitual aerobic exercise 
reduced the waist-to-hip ratio and also had a 
beneficial effect in reducing plasma triglycerides 
and increasing high density lipoprotein choles- 
terol (Wood, unpublished). Although we can 
not be sure that the “strenuous” exercise 
recorded here was aerobic, the significant and 
independent association between frequency of 
strenuous exercise and apolipoprotein AI con- 
centrations (and therefore indirectly with high 
density lipoprotein cholesterol concentrations) 
that we found accords with the results above. 
The fact that this association was not seen in 
Asians, who showed even less inclinication 
than the non-Asians, to take such exercise 
regularly suggests that this is one facet of heart 
disease prevention that needs considerable 
emphasis in Asian communities. 

In our original sample the prevalence of 
diabetes was almost three times higher in Asian 
men than in non-Asian men. Almost one quar- 
ter of those men classified as diabetic in this 
study were undiagnosed at entry. We gained 
the impression that the level of understanding 
of diabetes among the Asian men was low and 
compliance with dietary controls was poor. 
Thus the early detection and control of 
diabetes also needs to be given greater 
emphasis in preventive strategies in Asian 
communities. 

We recognise that selection of subjects from 
male manual workers employed in only two 
factories in Bradford and a response rate of less 
than 100% may limit the relevance of our 
conclusions to other populations. However, the 
consistency between our data and those of 
McKeigue et al’s London studies suggests that 
our results are not chance findings arising from 
selection bias but that they do indeed have a 
wider application. 
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CONCLUSIONS 

Our data, from a different Asian community in 
the United Kingdom than previously studied, 
provide further evidence to support McKeigue 
et al’s hypothesis that body fat distribution and 
insulin resistance are of aetiological importance 
in diabetes and heart disease in immigrant 
Asian communities living overseas. Strategies 
for preventing heart disease in mixed ethnic 
communities need to be reviewed, with greater 
emphasis being placed on control of diabetes, 
central adiposity, and increased physical 
activity in Asian communities. 
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Strenuous exercise, plasma fibrinogen, and factor 


VII activity 


J B Connelly, J A Cooper, T W Meade. 


_ Abstract 


Objecttve—To assess the effect of 
physical activity on plasma fibrinogen 
and factor VII activity and thus on the risk 
of ischaemic heart disease. 

Design—Cross sectional survey. 

Setting—Ten group practices in the 
Medical Research Council’s General 
Practice Research Framework. 

Patients—3967 men aged 45-69 attend- 
ing screening clinics for the thrombosis 
prevention trial. 

Methods—Structured interview to 
elicit the intensity and frequency of 
physical exercise during past month. 
Measurement of fibrinogen, factor VI 
activity, cholesterol concentration, blood 
pressure, and other indices of ischaemic 
heart disease risk. 

_Results—Strenuous exercise was 
associated with significantly lower fibrin- 
ogen concentrations than mild exercise, 
implying a difference of about 15% in the 
risk of ischaemic heart disease. Strenuous 
exercise was also associated with lower 
cholesterol concentrations. More fre- 
quent strenuous exercise was associated 
with lower factor VII activity. 

Conclusitons—With the recognition of 
plasma fibrinogen as a strong index of 
ischaemic heart disease risk the results of 
this and other studies suggest a pathway 
through which the protective effect of 
strenuous exercise may partly be 
mediated and they provide doctors and 
patients with a valuable incentive 
towards prevention, particularly in those 
whose risk of ischaemic heart disease is 
substantially due to raised fibrinogen 
concentrations. 


Plasma fibrinogen concentration is strongly 
and independently associated with the 
incidence not only of ischaemic heart disease 
but also of stroke. Whatever the origin of 
high. concentrations—that is, genetic, environ- 
mental, or in response to tissue damage~—there 
are several pathways through which they may 


‘influence thrombogenesis. These include a 


contribution to atherogenesis itself, to red cell 
and plasma viscosity, to platelet aggregability, 


and to the amount of fibrin deposited.** Factor - 


VII activity is also associated with the onset of 
ischaemic heart disease.’? Whether high con- 
centrations of clotting factor are of causal 
significance can also be studied through the 
effects of known determinants of ischaemic 


heart disease on their concentrations, a clear 
example being that of smoking and fibrin- 
ogen.?°'° The protective relation between 
physical activity at work” or in leisure’? and the 
incidence of ischaemic heart disease is also well 
known. Because this exercise has to be current 
and continuing ‘to confer protection against 
ischaemic heart disease’? there is growing 
reason to believe that vigorous exercise 
modifies the acute thrombotic component. 
Pathological findings also suggest that the 
protective effect of exercise against ischaemic 
heart disease is mediated through a throm- 
bogenic rather than atherogenic pathway. 
Thus in the National Necropsy Survey, Morris 
and Crawford showed that there was no 
difference in the extent of coronary artery 
atheroma between. those previously in occupa- 
tions involving light, medium, or heavy 
physical activity. However, the prevalence of 
lumen occlusion and, in particular, of large 
healed infarcts was highest in those whose 
previous occupations had involved light 


physical activity, intermediate in those involv- 


ing medium activity, and lowest in those 
involving heavy physical activity. The con- 
clusion that exercise exerts its effect on 
ischaemic heart disease acutely and the prac- 
tical, preventive implications would be further 
strengthened by the demonstration that it 
influences probable thrombogenic mechan- 
isms. We therefore investigated the relation 
between physical exercise during leisure and 
plasma fibrinogen concentration and factor VII 
activity. 


Patients and methods 

Participants came from ten general practices 
taking part in an additional study during the 
screening stage for the thrombosis prevention 
trial (TPT). The purpose of the TPT is to 
evaluate the effects of low dose aspirin (75 mg) 
and low intensity oral anticoagulation (Inter- 
national Normalised Ratio (INR) 1:5) in the 
primary prevention of ischaemic heart disease 
in high risk men aged between 45 and 69. The 
first stage consists of a search of practice notes 
to exclude those who haye previously experien- 
ced myocardial infarction or a stroke and those 
in whom antithrombotic threatment is con- 
traindicated (for example, peptic ulceration, 
requirement for incompatible drugs). Eligible 
men are then invited for a screening examina- 
tion, at which the risk of ischaemic heart 
disease is assessed on the basis of family and 
smoking history, body mass index (BMI), 
blood pressure, blood cholesterol, plasma 
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Table 1 Relations between personal characteristics and intensity of exercise: numbers 





(and % ) in different categories 
Exercise intensity 
Stremious Mild None 
(801 (20-2%)} (2904 (73:2%)) (262 (6°6%)) 
Age group (yr) 
<50 287 (35-8) 595 (20-5) 65 (24-8) 
50-60 335 (41-8) 1234 (42:5) 135 z 1-5) 
> 60 179 (22-4) 1075 (37-0) 62 (23-7) 
Smoking: 
Never 304 (38-0) 723 (25-0) 58 (22-1) 
Ex 175 (21:8) 930 (32-1) 109 (41-6) 
Current 322 (40-2) 1238 (42-8) 95 (36-2) 
Alcohol: 
Yes 743 (93-1) 2617 (90 2) 228 (87-4) 
No - 55 (6-9) 283 (9-8) 33 (12-6) 
Body mass index: 
<27 520 (64-9) 1783 (61-4) 133 EE 
>27 281 (35-1) 112! (38-6) 129 (492 
Occupation: 
Non-manual 473 (60-7) 1277 (45-1) 89 (34-6) 
Manual 306 (39-3) 1555 (549) 168 (65-4) 


Differences between proportions reporting varying intensity by age, smoking habit, and class (p 
< ©0001); by BMI (p = 0-0002}; by alcohol consumption (p = 0-01). 


Numbers approximately same in 
exercise, and fibrinogen). 


table 2 (a few missing values for variables other than age, 


fibrinogen concentration, and factor VII 
activity (VII). The main purpose of the 
additional study (identification of risk study) 
was to assess the psychological and behavioural 
effects of being identified as high risk for a 
major episode of ischaemic heart disease. Dur- 
ing a structured interview the trial nurse also 
administered questions about exercise. These 
were similar to those in previously validated 
methods for distinguishing between active and 
inactive groups.’ Mild exercise was defined as 
a positive response to the question “‘in the last 
month have you taken any light activity for the 
purpose of exercise?” using prompt questions 
which gave going for a walk, playing golf, or 
gardening as examples. Strenuous exercise was 
defined as a positive response to the question 
“during the past month have you taken part in 
regular physical exercise that involves a lot of 
energy outpute”’, with the prompt examples 
including playing soccer or rugby, jogging, fast 
swimming, and cycling. Those recording this 
type of exercise were asked how many. times 
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they had undertaken it during the last month. 
Men were classified as (a) those who had taken 
strenuous exercise (and mild exercise), (6) 
those who had taken mild but not strenuous 
exercise, and (c) those who said they took no 
exercise. 

Current smokers include 400 cigar or pipe 
smokers whose mean fibrinogen concentration 
was 2:83 g/l compared with 2-99 g/l in current 
cigarette smokers. Questions on alcohol con- 
sumption divided participants into those who 
were wholly or virtually teetotal and those who 
took alcohol occasionally or regularly. Social 
class is summarised as non-manual (I, IJ, and 
II non-manual) or manual (III manual, IV, V) 
occupation. The body mass index (BMI) is 
defined as weight/height’. 

y“ tests were used to assess the relation 
between personal characteristics and type of 
exercise (table 1). Analysis of covariance was 
used to test the relations between exercise and 
fibrinogen, VII., blood pressure, and choles- 
terol (tables 2, and 3 and 4). 


Results 

Of the 6187 men invited to the ten screening 
clinics, 4640 (75%) attended. Of these, 4590 
(99%) gave information about lifestyle. A total 
of 245 men were excluded as ineligible for 
TPT: 89 because of a definite or possible past 
history of ischaemic heart disease or other 
arterial disease (including, for the purposes of 
this study, angina pectoris and intermittent 
claudication), 53 because they were on drugs 
incompatible with TPT treatment, and the rest 
for other reasons. Of the remaining 4345, 3967 
(91%) had complete information on age, exer- 
cise, and clotting factors. Table 1 shows that a 
small proportion (262, 6-6%) did not report 
even mild exercise. A total of 801 (20:2%) men 
reported strenuous exercise during the past 
month (and nearly all these men also reported 
mild exercise) and the remaining 2904 (73-:2%) 
reported mild exercise only. Compared with 
the other two groups, those reporting stren- 
uous exercise were younger, were less likely to 


Table 2 Mean (SD) fibrinogen concentrations (g/l) according to intensity of exercise 


Exercise mtensiry 
, Strenuous Mild None All 
Age group (yr): 
<50 2°58 (0-55) 2°63 (0-51) 2°61 (0-48) 2°61 (0-52) 
50-60 2°63 (0-52) 2:77 (0°57) 2:79 (0°58) 2:74 (0-57) 
> 60 2:80 (0-58) 2:88 (0-56) 2-99 (0-57) 2:87 (0-57) 
Smoking: 
Never 2°55 (0-52) 2-66 (0-52) 2-65 (0-49 263 (0-52) 
Ex 2°65 050 2-73 (0-56) 2°69 (0:5 2:71 (0:55) 
Current 2-83 (0-61) 2°96 (0-55) 2:96 (0-60) (0-57) 
Alcohol: 
Yes 2:64 er 2:77 (0:56) 2:77 (0-55) 2:74 (0-55) 
No 2:75 (0-58) 2°89 (0-60) 2-93 (0-67) 2°88 (0-60) 
Body mass index 
<27 2:62 (0-55) 2:76 (0-56) 2°76 (0°58) i 2:73 (0:56) 
>27  : 2°72 (0:54) 2:81 (0-57) 2°83 (0°55) 2:79 (0-57) 
Occupation: z% : 
Non-manual 2:60 (0-53) 2°77 pape 2-69 (0-50) 2°72 (0-54) 
Manual ~ 271 (056) . 2-80 


0-55) 2-84 (0-59) 279 (0-55) 





Within each grouping (age, etc) fibrinogen concentration was lower in those reporting strenuous exercise (p < 0-0001). 
Effects of age, smoking, alcohol intake, BMI, and occupation on fibrinogen (p < 0-0001). 
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Table3 Mean values (95% confidence intervals) adjusted for age, smoking, alcohol 
habit, BM1, and non-manual occupation according to exercise intensity 





Exercise intensity 
Strenuous (775) Mild (2809) None (255) p (F test) 
Fibrinogen (g/1): 
Mean 2°70 277 2°70 0-01 
95% CI 2:66 to 2-75 2:74 to 2-80 2-70 to 2-82 
VII (% standard): 
Mean 86-5 86-0 88-1 0-35 
95% CI 84-6 to 88-4 84 8 to 87-3 85-2 to GI-1 
Systolic blood pressure (mm Hg): 
Mean 135-8 136-0 134-1 0-24 
95% CI 134-4 to 137-3 135-0 to 137-0 131-9 to 136-4 
Cholesterol (mmot/1): 
Mean i 5-85 5-87 0-03 
95% CI 5°65 to 5-83 5 79 to 5-91 5:74 to 6-01 


BMI, body mass index. 


be smokers, drank more alcohol, were less 
obese, and were more likely to be in non- 
manual occupations. 

Table 2 shows mean fibrinogen concentra- 
tions according to type of exercise. Within each 
of the groupings for the personal characteris- 
tics, and without exception, the mean fibrin- 
ogen concentration in those reporting stren- 
uous exercise was significantly lower than in 
those reporting mild or no exercise. Mean 
values in these last two groups were virtually 
identical. (Similar tables for systolic blood 
pressure, cholesterol, and VII, are available on 
request and show less consistent or no relations 
with exercise: see also table 3.) 

Table 3 shows mean values (taking account 
of all the independent variables). The effect of 
strenuous exercise on fibrinogen remained sig- 
nificant and was probably similar for choles- 
terol. 

Table 4 shows fibrinogen concentration and 
VII, according to the number of occasions on 
which strenuous exercise was reported each 
month. The trend towards lower values with 
increasing frequency was statistically sig- 
nificant for VII, but not for fibrinogen (and 
there were no suggestive trends for cholesterol 
or blood pressure). 


Discussion 

As far as we are aware no large scale study has 
previously reported in detail on exercise and 
fibrinogen, in particular. Those that have com- 
mented in summary form have all found a trend 
or a definite effect similar to our results. The 
clearest result comes from 931 civil servants in 
the Whitehall study’? which used a method for 


Table4 Mean values (95% confidence intervals) adjusted for age, smoking, alcohol 
habit, BMI, and occupation according to monthly frequency of strenuous exercise 








Frequency/month 
1-3 (n= 160) 4-7(n m 189) 811 (n= 121) 12+ (n = 293) p (F test) 
Fibrinogen (g/1): 
_ Mean 2:72 ` 2-63 2-68 269 
95% CI 2°63 to 2:83 2°54 to 2°74 2°57 to 2:79 2°60 to 2°77 0-63 
VII (% standard): 
Mean 87:4 88-6 82-5 82-3 0-003 
95% CI 82:8 to 92:3 83-9 to 93-6 77:8 to 87°5 78-5 to 86-2 


AAA A a trettint ttn eciainiainiant et 


353 


eliciting vigorous exercise similar to that of 
Morris et al.? The Gothenburg study of 639 
men’? used a subjective four point scale and 
found an inverse relation between amount of 
physical activity and fibrinogen, though it was 
not statistically significant. In a Scottish study 
of 8824 men and women’? those inactive in 
leisure and those who had reduced their level of 
activity had higher fibrinogen concentrations 
that those who were and had stayed active— 
differences that remained after standardising 
for smoking but not when social class was also 
taken into account. In a Danish study of 439 
men,” physical activity was significantly 
associated with a reduction in fibrinogen when 
behavioural and social variables were con- 
sidered separately in multivariate analyses. 
When the analysis was repeated with simultan- 
eous inclusion of these and several other varia- 
bles the association was not significant, though 
measured fitness was associated with a reduc- 
tion in fibrinogen concentration when all the 
variables were included. In a Russian study” 
regular physical training in patients with 
ischaemic heart disease led to a fall in fibrin- 
ogen concentrations by comparison with an 
untrained group. 

It is unlikely that the significantly lower 
fibrinogen concentrations in those reporting 
strenuous exercise in our study are the result of 
a selection effect due to health. In particular, 
those with a definite or possible past history of 
vascular disease were excluded either at the 
note-search stage or at screening. 

Some misclassification of exercise grouping 
is likely to have occurred, probably in the 
direction of over-reporting of strenuous exer- 
ciseby men who did not in fact exercise to this 
extent. If so, the true difference in fibrinogen 
between those taking strenuous exercise, on 
one hand, and those taking mild or no exercise, 
on the other, will be larger than our results 
suggest. We did not enquire about physical 
activity at work but few occupations now 
require heavy work and most strenuous 
physical activity currently takes place during 
leisure. 

The differences in fibrinogen concentration 
in table 2 between those taking and not taking 
strenuous exercise are about 0-10 g/l. The 
relation between fibrinogen concentration and 
the incidence of ischaemic heart disease is 
strong. Based on the results of the Northwick 
Park Heart Study’ (in which the strength of the 
association between fibrinogen and ischaemic 
heart disease is not atypical of the other pros- 
pective studies of fibrinogen), a difference of 
0-10 g/l would alter the risk of a major event of 
ischaemic heart disease by about 15%. The 
smaller difference of about 0-06 g/l in table 3 
suggests a change in risk due to strenuous 
exercise of about 8%, though (as already 
indicated) both these estimates are probably 
conservative because of some misclassification 
of exercise intensity. If it can be assumed that 
those reporting no exercise took less than those 
reporting mild exercise, it is noteworthy that in 
identifying strenuous but not mild exercise as 
being associated with lower fibrinogen concen- 
trations, our results accord with those of 
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Morris et al,? who found that it was only 
vigorous exercise that conferred protection 
against ischaemic heart disease. 

The relations of frequency of strenuous 
exercise with the two clotting factors (table 4) 
call for further study, to establish or exclude an 
effect on VII., in particular, because it is 
possible” that this does respond to very stren- 
uous exercise. There may well have been 
differential recording inaccuracies of 
frequency, those claiming to have engaged in 
strenuous exercise only 1-3 times a month 
perhaps tending to include a higher proportion 
who in fact only took mild exercise. 

While physical activity probably raises the 
concentration of high density lipoprotein 
cholesterol, it has not been consistently 
associated with a significant reduction in total 
cholesterol or systolic blood pressure in other 
population-based samples of adult men.”™ 
Our findings are consistent with this con- 
clusion for blood pressure but suggest an effect 
of strenuous activity on cholesterol. 

The several characteristics that probably 
influence the risk of ischaemic heart disease 
through an effect on fibrinogen concentration 
include” advancing age, obesity, diabetes, 
smoking, use of oral contraceptives and the 
occurrence of the menopause, low-grade 
occupation and job “stress”, retarded growth 
during infancy,” and (protective) moderate 
alcohol consumption. Many of these character- 
istics have similar effects on VII.. We conclude 
that the protective effect of strenuous exercise 
can probably be added to this list, further 
emphasising the central role of coagulability as 
a mediator of ischaemic heart disease risk. 

With the recognition of plasma fibrinogen, in 
particular, as a strong and independent index of 
the risk of ischaemic heart disease and the 
growing availability of fibrinogen 
measurement, there is increasing interest in 
aspects of lifestyle that could reduce high 
concentrations. Dietary changes have little if 
any effect.” ? Stopping smoking is the most 
effective measure. As table 2 suggests, stren- 
uous exercise may confer an advantage in both 
smokers and non-smokers. If verified and more 
precisely quantified in further studies, the 
apparently beneficial effect of strenuous exer- 
cise on fibrinogen could provide both doctors 
and patients with a valuable and practical 
incentive towards prevention, particularly 
where the risk of ischaemic heart disease is 
substantially due to raised fibrinogen concen- 
trations. 


We thank the staff and study participants in the Framework - 


practices for their help and continuing cooperation. 
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Comparative electrophysiological effects of 
captopril or hydralazine combined with nitrate in 
patients with left ventricular dysfunction and 
inducible ventricular tachycardia 


Y Bashir, J F Sneddon, S O’Nunain, V E Paul, S Gibson, D E Ward, A J Camm 


Abstract 

Objective—To assess the electro- 
physiological and antiarrhythmic effects 
of pharmacological load manipulation 
by an angiotensin converting enzyme 
(ACE) inhibitor (captopril) and a direct 
vasodilator (hydralazine plus isosorbide 
mononitrate) in patients with inducible 
ventricular tachycardia and impaired 
left ventricular function. 

Design—Randomised open label cross- 
over comparison of three regimens. 

Setting—Tertiary arrhythmia referral 
centre. 

Subjects—Eight patients with reduced 
left ventricular function and sustained 
ventricular tachycardia inducible by 
programmed stimulation. 

Interventions—Three treatment regi- 
mens each of 48 hours duration: capto- 
pril, hydralazine plus isosorbide mono- 
nitrate, and control (no vasodilator). 

Main Outcome Measures—Changes in 
central haemodynamics, electrophysio- 
logical parameters, and induction of 
ventricular tachycardia during treat- 
ment with captopril, or hydralazine 
combined with nitrate, compared with a 
control period. 

Results—Both vasodilator treatments 
produced similar balanced reductions in 
peak systolic pressures and filling pres- 
sures compared with controls. Captopril 
had no effect on sinus cycle length, 
atrial refractoriness, or intraventricular 
conduction, but prolonged ventricular 
effective and functional refractory 
periods and QT interval during constant 


rate atrial pacing. Hydralazine com- 


bined with nitrate did not significantly 
alter any electrophysiological variable. 
Ventricular tachycardia was similarly 
inducible during all three periods. 
Conclusions—Load manipulation by 


captopril but not hydralazine combined 


with nitrate prolonged ventricular 
refractoriness and repolarisation, 
possibly reflecting a combination of 
mechano-electrical effect with the 
restraining influence of ACE inhibitors 
on reflex sympathetic stimulation. 


Numerous studies have found an increased 
risk of sudden death among patients with 


impaired left ventricular function, thought to 
be mediated by malignant ventricular tachy- 
arrhythmias in most cases.’* Prevention of 
these life threatening arrhythmias represents 
an important goal,’ but the disappointing 
results of recent controlled trials including 
the Cardiac Arrhythmia Suppression Trial 
(CAST)? have reinforced concerns about the 
efficacy and safety of standard antiarrhythmic 
drugs in the context of reduced ventricular 
function. By contrast, both angiotensin con- 
verting enzyme (ACE) inhibitors and other 
vasodilator drugs have been shown to improve 
survival in patients with congestive heart 
failure.°’ With growing awareness of the part 
played by increased myocardial wall stress and 
contraction-excitation feedback in the start of 
arrhythmias associated with left ventricular 
dysfunction,®’ it has been suggested that these 
benefits of vasodilator therapy might be partly 
due to protective mechano-electrical effects of 
load reduction on susceptibility to sudden 
death. Inhibitors of ACE might also influence 
propensity to arrhythmia via indirect effects on 
neuroendocrine activity or sympathetic tone,”° 
and direct effects on cardiac myocytes.'!” 
Although there are few data on the electro- 
physiological properties of these drugs in 
humans, experimental studies in animals have 
shown that vasodilators exert antiarrhythmic 
effects at the ventricular level,’'* and 
this is consistent with clinical reports of 
reductions in ventricular extra systole on 
Holter monitoring." 

The objective of the present study was to 
evaluate the influence of direct vasodilators 
and ACE inhibitors on the arrhythmic sub- 
strate of the failing heart. Accordingly, we 
compared the electrophysiological effects of a 
hydralazine and nitrate combination and cap- 
topril, dose titrated to achieve an equivalent 
degree of load manipulation, in patients with 
left ventricular dysfunction and ventricular 
tachycardia induced by programmed electrical 
stimulation. 


Patients and methods 

PATIENTS 

Patients with impaired left ventricular function 
and recurrent ventricular tachycardia referred 
for serial drug testing were included in the 
study if they fulfilled the following criteria: 
(a) left ventricular ejection fraction <40%; 
(b) sustained (>30 s) monomorphic ventri- 
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cular tachycardia resembling the spontaneous 
clinical arrhythmia induced by programmed 
electrical stimulation; (c) not previously estab- 
lished on an ACE inhibitor; (d) no amiodarone 
therapy within the preceding three months. 
‘They were excluded if they had had an acute 
myocardial infarction within the preceding two 
months or had clinical evidence of decompen- 
sated heart failure. Eight consecutive patients 
(six men, two women) with a mean (SD) age of 
67 (6) years were recruited and Table 1 sum- 
marises their clinical features. All had coronary 
artery disease and a history of myocardial 
infarction with mean (SD) left ventricular 
ejection fraction of 24 (7)%. The study 
protocol was approved by the district medical 
ethics committee and written informed consent 
was obtained in all cases. 


PROTOCOL 

As well as routine investigations, all patients 
underwent left ventricular and coronary 
angiography and a diagnostic electrophysio- 
logical study after withdrawal of anti- 
arrhythmic and vasoactive medication for five 
half lives. Left ventricular ejection fraction was 
estimated from the right anterior oblique view 
using a dedicated software package based on 
the Dodge formula. Patients meeting the entry 
criteria proceeded to a randomised open label 
crossover study comparing electrophysio- 
logical and haemodynamic parameters during 
three treatment periods, each of 48 hours 
duration. During two limbs of the study, 
subjects received active treatment with either 
captopril or hydralazine and _ isosorbide 
mononitrate, and during the other, control, 
limb they received no vasodilator. Oral anti- 
arrhythmic drugs were withheld for the dura- 
tion of the protocol. Captopril or hydralazine 
combined with isosorbide mononitrate were 
administered at eight-hourly intervals (total six 
doses) with blood pressure monitored every 
four hours by sphygmomanometry, and dose 
adjustment aimed at achieving a 10-20% 
reduction in systolic blood pressure. The start- 
ing doses were 25 mg captopril (after a test dose 
of 6:25 mg), and 50 mg hydralazine combined 
with 10 mg isosorbide mononitrate, but these 
were doubled if systolic pressure fell by less 
than 10% during the first 24 hours or halved if 
the fall was greater than 20%. All patients 
underwent combined electrophysiological and 
haemodynamic assessment at the end of each of 
the three 48 hour treatment periods. 


Table 1 Clintcal data 


Patient LVEDP 

No Agel Sex CAD EF (%) (mm Hg) TCL (ms) Symptoms 
l 56/M 2 28 12 240 SCD 

2 69/F I 15 30 280 Syncope 
3 68/M 2 19 16 330 resyoc 
4 61/M 1 30 17 320 Palp 

5 70/M l 26 16 340 Palp 

6 67/M I 37 12 350 Syncope 
7 TAIM 3 18 32 300 Presync 

8 71/ F l 20 22 270 Presyne 


CAD, number of diseased coronary arteries; EF, left ventricular ejection fraction; LVEDP, left 
ventricular end diastolic pressure; TCL, cycle length of ventricular tachycardia (presenting 
episode); Symptoms, symptoms during ventricular tachycardia (presenting episode); SCD, 
“sudden cardiac death”; Presync, presyncope; Palp, palpitations. 
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ELECTROPHYSIOLOGICAL AND HAEMODYNAMIC 
STUDY 

Patients were studied after an overnight 
fast and light premedication with lorazepam 
between 0900 and 1200 on days 3, 5, and 7 of 
the protocol—that is, at the end of each 48 hour 
treatment period. The final dose of vasodilator 
was given at 0600. All catheters were inserted 
percutaneously using local anaesthesia with 
1% lignocaine and were positioned with 
fluoroscopic guidance. At the first study on day 
3, quadripolar electrodes were introduced via 
the subclavian approach to the mght atrial 
appendage and right ventricular apex: these 
electrodes were retained in situ and used for 
electrophysiological testing at the two sub- 
sequent studies on days 5 and 7, avoiding any 
change in the position of the right ventricular 
electrode. For haemodynamic assessment, a 7F 
triple lumen Swan-Ganz catheter was intro- 
duced via the femoral vein to the pulmonary 
artery and an 18G cannula was placed in the 
fernoral artery: these catheters were removed at 
the end of each study and reintroduced. 

After insertion of the catheters and elec- 
trodes on each occasion, patients were allowed 
a 15 minute rest period for stabilisation before 
any measurements were made. The mean and 
phasic arterial pressure, pulmonary artery 
pressure, right atrial pressure, and pulmonary 
capillary wedge pressure signals were recorded 
in held expiration with the zero reference 
at the mid~-axillary line. Cardiac output was 
measured by thermodilution taking the mean of 
three to five consecutive measurements. The 
derived indices, calculated from standard 
equations, were cardiac index, systemic vas- 
cular resistance, pulmonary vascular resis- 
tance, stroke volume index, and stroke work 
index. All haemodynamic measurements were 
duplicated after 10 minutes to ensure stability 
(<5% variation). The percentage reductions 
in peak systolic arterial and pulmonary artery 
pressures compared with the control period 
were used to assess changes in afterload. 

Intracardiac and surface _ electrocardio- 
graphic signals were recorded at a paper speed 
of 100 mm/s with a multichannel ink jet 
recorder (Mingograf 7, Siemens-Elema). 
Pacing and extrastimuli were delivered with a 
2ms pulse width at twice diastolic threshold 
using a programmable stimulator (Medtronic 
Model 5328). In addition to sinus cycle length, 
QRS duration and QT interval (lead V2) were 
recorded during both sinus rhythm and right 
atrial pacing at a cycle length of 500 ms. Atrial 
and ventricular refractory periods were found 
by the extrastimulus method to the nearest 
5 ms at a drive cycle length of 500 ms. After 
completion of all other electrophysiological and 
haemodynamic measurements, programmed 
ventricular stimulation was performed accord- 
ing to a strict 12 stage protocol at the single 
right ventricular site: single and double extra- 
stimuli were successively introduced during 
sinus rhythm and drive trains at 600, 500, and 
400 ms cycle lengths (stages 1 to 8), scanning 
diastole with 10 ms increments; triple extra- 
stimuli were then delivered during sinus 
rhythm and the same three drive cycles (stages 
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9 to 12). Stimulation continued until the end of 
stage 12 or induction of sustained mono- 
morphic ventricular tachycardia lasting for 
more than 30 seconds or requiring termination 
before then due to haemodynamic compromise. 
Reproducibility was checked if the arrhythmia 
could be terminated by pacing, but not ifa DC 
shock was required. 

If ventricular tachycardia could be induced, 
conventional drug testing was performed at the 
end of the research study. A single intravenous 
dose of an appropriate antiarrhythmic agent 
was administered and programmed ventricular 
stimulation repeated. Plasma drug concentra- 
tions were then checked 48 hours later just 
before the next study to confirm complete 
removal. 


STATISTICS 

Continuous variables are given as mean (SD) 
and have been compared between the three 
treatment periods by multiple paired ¢ tests, 
assuming the absence of any order or period 
effect. Values of p < 0-05 were regarded as 
significant. Changes in the stage at which 
ventricular tachycardia could be induced were 
assessed by the sign test. 


Results 

Seven patients completed all three treatment 
periods but one patient (No 6) was withdrawn 
at his own request after the captopril and 
control limbs. The final doses of vasodilator 
were captopril, 125mg (= 1), 25mg 
(n = 6), 50mg (n=1) and hydralazine 
combined with isosorbide mononitrate, 50 mg 
and 10 mg (n = 5) and 100 mg and 20 mg 
(n = 2). Six patients complained of headache 
during hydralazine and nitrate treatment but 
there were no other adverse effects. Table 1 
shows clinical data from the patients. 


HAEMODYNAMIC CHANGES 

Compared with the control period, both 
captopril and hydralazine combined with 
nitrate produced significant reductions in mean 
arterial and pulmonary artery pressure, with a 
fall in systemic vascular resistance and a rise in 
cardiac index (table 2). As expected, both 
vasodilator regimens elicited similar, balanced 
reductions in afterload and preload. The figure 
shows the mean (range) fall in peak systolic 


Table 2 Changes in haemodynamic variables 


Heart rate (beats/min) 


PVR (dyn.s.cm™) 
SVI (ml/beat/m”) 
SWI (g = mih 


Control (nm8) HYDJISMN (n=7) CAPT (n=8) 
68 (14) 81 (17) "92 (14) 
98 (18) 83 (14 84 (9 

(5) 18 ( 21 (6) 
10 (6) 2 (6) (5) 
20 (4) 9 (4)T 14 OJ 
2-1 (0-4) 3-0 (0-6)t 2-4 (0-4)* 
1925 (529) 1164 (204yt 1421 (340)t 
197 (118) 110 (81) 139 (81) 
30-4 (10-7) 35-3 (6-5) 34-1 (10-5) 
32-8 (14-0) 35-7 (12-4) 32-9 (12-4) 


All values are mean (SD). *p < 0-005 v control; fp < 0-01 v control. HYD, hydralazine; 


ISMN, isosorbide mononitrate; 


, captopnl; MAP, mean arterial pressure; PA, mean 


pulmonary artery pressure; RA, mean right atrial pressure; PCWP, mean pulmonary capillary 
wedge pressure; CI, cardiac index; SVR, systemic vascular resistance; PVR, pulmonary vascular 
resistance; SVI, stroke volume index; SWI, stroke work index. 
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Reduction in peak systolic pressure v control (%) 


Systemic Systemic 
Pulmonary 


Pulmonary 


Percentage reduction in systemic and pulmonary arterial 
peak systolic pressure during treatment with captopril or 
a combination of hydralazine and mtrate compared with 
oe control pertod. Horizontal bars represent mean 
values. 


blood pressure compared with the control 
period. This was 15 (7—30)% with captopril 
and 19 (7-31)% with hydralazine and nitrate. 
‘The corresponding reductions in peak systolic 
pulmonary artery pressure were 26 (10-43)% 
for captopril and 33 (10-54)% for hydralazine 
and nitrate. Captopril lowered pulmonary 
capillary wedge pressure by 6 (1-12) mm Hg 
and right atrial pressure by 3 (-1 to 6) mm Hg, 
whereas hydralazine and nitrate reduced wedge 
pressure by 10 (5-18) mm Hg and right atrial 
pressure by 5 (1-12) mm Hg. Although the 
haemodynamic changes were somewhat greater 
with hydralazine and nitrate compared with 
captopril, these differences did not reach 
statistical significance. 


ELECTROPHYSIOLOGICAL CHANGES 

Table 3 summarises the electrophysiological 
changes. Compared with the control period, 
hydralazine and nitrate produced non-signifi- 
cant shortening of sinus cycle length, QRS 
duration, and uncorrected QT interval. By 
contrast, captopril resulted in slight but 
significant prolongation of mean QT interval 
during atrial pacing (500 ms cycle length) from 
352 to 358 ms, whereas it was unchanged 
during treatment with hydralazine and nitrate. 
Atrial refractoriness was similar during all 
three treatment periods, but captopril caused 
significant prolongation of ventricular effective 
and functional refractory periods compared 
with both the control period and treatment 
with hydralazine combined with nitrate. 


PROGRAMMED STIMULATION 

Table 4 shows the results of programmed 
ventricular stimulation. Ventricular tachy- 
cardia was induced in all eight patients 
during the control period, in seven out of eight 
patients during captopril treatment, and seven 
out of seven patients during treatment with 
hydralazine and nitrate. There was no signifi- 
cant difference in the stage at which tachycardia 
could be induced during any of the three limbs. 
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Table3 Mean (SD) changes in electrophynological 
variables 


Parameter Control HYDİISMN CAPT 

(ms) (n=8) (n=7) (n=8) 

SCL 885 (265) 741 (195) 837 (193) 
ORS 117 (28 111 (18) 121 (24) 
OT 399 (61 379 (44) 396 (40) 
QT 351 (28) 52 (26) 358 23) 
ABRP 23 (35) 208 (24) 219 (34 
AFRP 256 (29) 248 (29) 256 (34) 
VERP 231 (26) 228 (31) 249 aa 
VERP 265 (24) 252 - (29) 277 (27) 


*p < 0-05, captopril v control; fp < 0-02, captopril v control. 
HYD, h ydralazine: ISMN, isosorbide mononitrate; CAPT, 
captopril; SCL, sinus cycle ‘length; QRS, QRS duration; QT, 
QT interval during sinus rhythm; QT.,,, QT interval during 
atrial pacing at 500 ms cycle length; AERP, atrial effective 
refractory period; AFRP, atrial fimctional refractory period; 
VERP, ventricular effective refractory period; VFRP, 
ventricular functional refractory period. 


Table 4 Results of programmed ventricular stimulation 


Patient 

No Control HYDITSMN CAPT 

l 8 5 10 

2 8 10 12 

3 6 9 Non-inducible 
4 8 6 4 

5 4 4 4 

6 8 Withdrew 11 

7 2 2 2 

8 12 11 12 


Values represent stage of prograrnmed stimulation protocol at 
which sustained ventricular tachycardia was induced (see 
methods). 
HYD, hydralazine; ISMN, isosorbide mononitrate; CAPT, 
captopril. 


Treatment with vasodilator had no effect on the 
cycle length or haemodynamic stability of 
induced ventricular tachycardia. 


Discussion 

We have shown that captopril caused an 
increase in ventricular functional and effective 
refractory periods with some prolongation of 
the paced QT interval, whereas an equivalent 
degree of load manipulation by hydralazine and 
nitrate resulted in no significant changes. The 
electrophysiological alterations produced by a 
vasodilator drug may represent a complex 
interaction of mechano-electrical effects due to 
reduction of myocardial wall stress, reflex 
changes in autonomic neural input, and direct 
effects on cardiac myocytes. In vitro research 
has shown that angiotensin II facilitates intra- 
ventricular conduction by increasing sodium 
current” and decreasing intercellular coupling 
resistance,” whereas captopril directly reduces 
membrane conductance through L type cal- 
cium channels,’ but neither of these mechan- 
isms would account for the electrophysiological 
changes seen with ACE inhibition in our study. 
Prolongation of ventricular refractoriness and 
repolarisation by captopril would be consistent 
with contraction excitation feedback,®* and a 
possible explanation for the lack of change with 
the hydralazine and nitrate combination might 
lie in the differing effects of these drugs on reflex 
autonomic response to the fall in arterial pres- 
sure. Normally, this is accompanied by a 
baroreceptor mediated surge in sympathetic 
discharge that tends to shorten cardiac action 
potential duration independently of heart rate 
and offsets any prolongation due to contraction 
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excitation feedback.” Adrenergic neurotrans- 
mission is, however, inhibited by ACE inhibi- 
tors.'°?! This has the effect of restraining reflex 
sympathetic stimulation. In a comparative 
haemodynamic study, Daly et al showed that 
short-term administration of captopril to 
patients with congestive heart failure caused no 
change in net transmyocardial noradrenaline 
release, whereas a similar reduction in blood 
pressure by hydralazine and nitrate combina- 
tion was accompanied by a noticeable increase 
in noradrenaline overflow.” Thus it is possible 
that any mechanically induced change in myo- 
cardial excitability during the hydralazine and 
nitrate treatment period may have been masked 
by an opposing electrophysiological effect due 
to the compensatory rise in cardiac sympathetic 
tone. Although neurohormonal measurements 
were not taken, hydralazine and nitrate com- 
bination did accelerate mean heart rate from 68 
to 81 beats/min (p = 0-075), whereas there was 
virtually no change with captopril. 

The electrophysiological effects elicited by 
captopril would generally be expected to 
exert some antiarrhythmic influence but, dis- 
appointingly, there was no significant change in 
the ability to induce ventricular tachycardia. 
Spontaneous day to day variability of ventri- 
cular tachycardia’ induction by programmed 
stimulation may, however, prevent detection of 
a moderate but clinically relevant anti- 
arrhythmic effect in such a small sample of 
patients.” 


PREVIOUS STUDIES 

There is now abundant evidence that the 
human myocardium exhibits the property of 
contraction excitation feedback. Ford and 
Campbell reported that afterload reduction by 
amyl nitrate is associated with QT interval 
prolongation.“ More recently, Taggart et al 
have showed shortening of monophasic action 
potential duration in response to the increase in 
myocardial wall stress at the end of cardiopul- 
monary bypass.” This also occurs during tran- 
sient aortic constriction,” and the release phase 
of the Valsalva manoeuvre.” Levine et al 
described similar changes in the right ven- 
tricular action potential during pulmonary 
balloon valvoplasty.* All of these investiga- 
tions have involved large transient load shifts 
and less data exist on the electrophysiological 
effects of sustained load manipulation by 
vasodilator drugs. Two recent studies have 
shown that administration of sodium nitro- 
prusside to patients with impaired left ven- 
tricular function does not significantly alter 
ventricular refractoriness”™; neither study 
reported the effect on QT interval or any other 
index of repolarisation, but Carlson et al found 
that nitroprusside infusion caused a significant 
rise in plasma noradrenaline concentration.” 
These results are consistent with our findings 
on the electrophysiological effects of hydra- 
lazine and nitrate combination and the possible 
confounding influence of reflex sympathetic 
stimulation. We are not aware of any previous 
human studies examining the electrophysio- 
logical properties of ACE inhibitors, but our 
findings generally accord with those obtained 
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by de Langen et al using a closed chest pig 
model of chronic myocardial infarction”; they 
reported that angiotensin I] infusion shortened 
ventricular refractoriness and facilitated induc- 
tion of ventricular tachycardia by. programmed 
stimulation, whereas intravenous captopril 
suppressed arrhythmias that were inducible in 
the drug free state. Holter monitoring studies 
in patients with chronic heart failure, further- 
more, have consistently shown ACE inhibitors 
reduce the frequency of asymptomatic ven- 
tricular arrhythmias.'°!’ 


CLINICAL IMPLICATIONS 

Sudden death accounts for 40 to 50% of the 
mortality in chronic heart failure and is 
assumed to be triggered by malignant ven- 
tricular tachyarrhythmias in a significant 
proportion of cases because many patients 
exhibit high grade ventricular extra systoles on 
ambulatory monitoring’’; this viewpoint is 
supported by analysis of Holter electrocar- 
diographic recordings at the time of sudden 
death.*! Attempts at reducing risk of sudden 
death with conventional antiarrhythmic drugs 
including amiodarone have been universally 
disappointing.*° With growing awareness of 
the contribution of mechano-electrical and 
neural mechanisms to the pathogenesis of ar- 
rhythmias in the failing heart, there are 
theoretical grounds for expecting ACE inhibi- 
tors to exert a protective effect, but their impact 
on sudden death is still a matter of dispute. 
It has been widely reported that the bene- 
ficial effect of enalapril in the cooperative 
north Scandinavian enalapril survival study 
(CONSENSUS) was solely due to a reduction 
in deaths from progressive heart failure.’ This 
trial, however, only recruited patients with 
refractory end stage heart failure, among whom 
sudden death accounts for a relatively low 
proportion of total mortality (only 22% of 
deaths in the placebo limb of CONSENSUS), 
and is more likely to be mediated by a bradyar- 
rhythmic mechanism.” By contrast, in the 
captopril multicenter research group study, 
only one of 53 patients on active treatment died 
suddenly compared with eight of 52 in the 
placebo group.” Fonarow et al have also repor- 
ted a significantly lower sudden death rate 
among captopril treated patients compared 
with patients receiving hydralazine and nitrate 
in a randomised trial of 106 patients with 
chronic heart failure.” 


LIMITATIONS 

Practical considerations imposed several res- 
trictions on the study, which should be borne in 
mind. We were only able to examine the short- 
term electrophysiological effects of vasodilator 
therapy, but prolonged treatment with re- 
modelling and reduction of venticular volumes 
might be required to assess the full impact of 
mechano-electrical feedback. Refractory 
periods were measured in the right ventricle, 
whereas the myocardial disease process and 
arrhythmic substrate are generally located in 
the left ventricle. Although similar reductions 
in peak systolic and filling pressures were 
achieved on the left and right sides of the heart, 
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we cannot be sure that electrophysiological 
changes in the right ventricle accurately reflect 
the behaviour of diseased myocardium in the 
infarct border zone. Also changes in myocar- 
dial wall stress during the drive train preceding 
the extrastimulus may make it more difficult to 
assess the impact of pharmacologically induced 
load reduction on ventricular refractoriness. 
This problem could be avoided by using atrial 
pacing to stabilise the heart rate coupled to 
delivery of single ventricular extrastimul:. The 
use of oral rather than intravenous testing 
prevented us from assessing the effects of load 
manipulation on the endocardial monophasic 
action potential, a more sensitive and reliable 
index of ventricular repolarisation than the 
surface QT interval. 


CONCLUSIONS 

We showed that load manipulation by captopril 
but not a hydralazine and nitrate combination 
prolongs ventricular refractoriness and re- 
polarisation in patients with impaired ven- 
tricular function, possibly due to the combina- 
tion of mechano-electrical feedback with 
inhibition of reflex sympathetic stimulation. To 
answer some of the questions raised, we are 
conducting a further study with neuro- 
hormonal monitoring and intravenous drug 
administration to enable recording of changes 
in cardiac action potential and to avoid the 
confounding influence of day to day variation in 
the ability to induce ventricular arrhythmias. 
Despite these limitations, the results of the 
present study support the use of ACE inhibi- 
tors rather than direct vasodilators as one 
component of a pharmacological strategy to 
prevent sudden arrhythmic deaths associated 
with impaired ventricular function. 


YB, JFS, and VEP are British Heart Foundation Junior 
Research Fellows. 
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Role of atrial contraction and synchrony of 
ventricular contraction in the optimisation of 
ventriculoarterial coupling in humans 


Kazuhiro Yamamoto, Kazuhisa Kodama, Tohru Masuyama, Atsushi Hirayama, 
Shinsuke Nanto, Masayoshi Mishima, Akira Kitabatake, Takenobu Kamada 


Abstract 

Objecttve—To examine the effects of 
pacing modes on the interaction between 
the left ventricle and arterial system in 
humans. 

Design—The slope of the end systolic 
pressure-volume relation (end systolic 
elastance), effective arterial elastance, the 
ratio of effective arterial elastance to end 
systolic elastance, and mechanical 
energy efficiency were compared under 
different pacing modes (atrial, atrioven- 
tricular, and ventricular). 

Patients—Nine male patients with sick 
sinus syndrome who had cardiac cath- 
eterisation for diagnosis and to see 
whether they needed a pacemaker. 

Interventions—A conductance cath- 
eter with tip-manometer was inserted 
into the left ventricle to obtain pressure- 
volume loops, and two pacing catheters 
were inserted into the right atrium and 
into the right ventricle respectively. 

Results—End systolic elastance was 
lower in atrioventricular pacing than in 
atrial pacing, but effective arterial elas- 
tance was not significantly different. End 
systolic elastance was lower in ventricu- 
lar pacing than in atrioventricular pac- 
ing, and effective arterial elastance was 
higher in ventricular pacing than in 
atrioventricular pacing. Consequently 
the ratio of effective arterial elastance to 
end systolic elastance was lowest in atrial 
pacing and highest in ventricular pacing, 
and mechanical energy efficiency was 
highest in atrial pacing and lowest in 


ventricular pacing. 
Conclustons—Atrial contraction and 

synchronous ventricular contraction 

independently optimise. ventriculo- 


arterial coupling in terms of a transfer 
of energy. Thus atrial pacing gives the 
best ventriculo-arterial coupling among 
these pacing modes. 


Pacemaker implantation is now widely used to 
treat bradycardia. The synchrony of ven- 
tricular contraction during atrial pacing differs 
from that during atrioventricular and ven- 
tricular pacing. Atrioventricular pacing 
produces atrial contraction whereas ventricu~- 
lar pacing does not. Previous studies showed 
the benefits of physiological pacing over ven- 
tricular pacing in terms of haemodynamic 


function—that is, cardiac output, arterial 
pressure, etc. However, the interaction be- 
tween the left ventricle and arterial system 
(ventriculoarterial coupling) has not yet been 
studied. The assessment of ventriculoarterial 
coupling is particularly important because the 
nature of the coupling of the left ventricle to 
the arterial system determines the efficiency of 
energy transfer to the circulation and is a 
major determinant of ventricular and cir- 
culatory performance.** 

A conductance catheter with tip mano- 
meter’ can be used to obtain left ventricular 
pressure-volume loops on a beat-to-beat basis 
and to show the end systolic pressure-volume 
relation. On the pressure-volume diagram the 
slope of the end systolic pressure-volume rela- 
tion (end systolic elastance)'*"* and effective 
arterial elastance’'* can be simultaneously 
determined to assess ventriculoarterial coup- 
ling. Furthermore, the pressure-volume 
diagram provides an estimate of mechanical 
energy efficiency—that is, the ratio between 
work area and the pressure-volume area, be- 
cause the pressure-volume area is linearly 
related to ventricular oxygen consumption.‘ 

We used a conductance catheter to assess 
the effect of pacing modes on the interaction 
between the left ventricle and arterial system. 


Patients and methods 

PATIENTS 

We studied nine men (44-64 (mean 55)) with 
sick sinus syndrome. All of them had cardiac 
catheterisation for diagnosis and to decide 
whether they needed a pacemaker. Left ven- 
triculography and coronary angiography 
showed no ventricular wall motion abnor- 
mality or coronary artery disease in any of the 
patients. None showed evidence of aortic or 
mitral regurgitation or left ventricular hyper- 
trophy on the left ventriculogram and echo- 
cardiogram. 

All patients gave informed consent to diag- 
nostic catheterisation and participation in the 
study protocol. The protocol was approved by 
the Osaka Police Hospital Ethical Committee. 


PRESSURE AND VOLUME MEASUREMENT 

A conductance catheter with a manometer at 
its tip was inserted into the left ventricle. This 
catheter was connected to a volumetric system 
(Model Sigma 5, Leycom, Oegstgeest, The 
Netherlands) to convert left ventricular con- 
ductance to left ventricular volume. The posi- 
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tion of the catheter in the left ventricle was 
confirmed by the presence of a signal with a flat 
upper segment or identity of the phase of the 
signal among the segments. The catheter 
technique for measurement of left ventricular 
volume has been described in detail else- 
where.’® In brief, the instantaneous left 
ventricular volume, V(t), was obtained by the 
Sigma 5 as: 

V(t) = (1/a)(L*/B)G(t) — Ve (2) 
where a is a dimensionless constant, L is an 
interelectrode distance, B is the specific con- 
ductivity of blood measured by a calibrating 
cuvette, and G(t) is the sum of the segmental 
conductance measured between the five pairs 
of adjacent electrodes. Vc is the correction 
volume for the parallel conductance. 

The so-called dilution method was used to 
obtain the correction volume, Vc. A bolus of 
hypertonic salt solution (6% NaCl) of 10 ml 
was injected into pulmonary artery through a 
balloon-tipped flotation thermodilution cath- 
eter. As the salt solution mixed with blood in 
the left ventricle its conductivity (B in equa- 
tion (/)) increased, causing the overall con- 
ductance signal G(t) to increase while the 
parallel component remained constant. When 
measured end systolic volume was plotted as a 
function of measured end diastolic volume 
during the mixing of the bolus and linear 
regression analysis was applied to the relation 
between measured end systolic volume and 
measured end diastolic volume data points, 
the intersection point between the regression 
line and the line of identity was Vc, the 
correction volume.’ 

To determine a in equation (/) the stroke 
volume was simultaneously measured by the 
thermodilution method and by a conductance 
catheter.” 


Actual stroke volume = 
di (1/a)(L?/B)(G(ed) — G(es)) 
ay = 


actual stroke volume/(L’/B)/(G(ed) — G(es)) 


where the actual stroke volume is the stroke 
volume measured by the thermodilution 
method, G(ed) is the sum of the segmental 
end diastolic conductance, and G(es) is the 
sum of the segmental end systolic conduc- 
tance. 

Good correlations between left ventricular 
volumes measured by the conductance cath- 
eter and by other methods have been shown 
both by us’ and others.’ ” '8 The signals of left 
ventricular volume and pressure were 
sampled every 5 ms and analysed on a per- 
sonal computer (NEC 9800 (NEC, Japan)). 


EVALUATION OF THE END SYSTOLIC PRESSURE- 
VOLUME RELATION 

To measure the end systolic pressure-volume 
relation, the inferior vena cava was obstructed 
with the Fogarty catheter to reduce peak sys- 
tolic pressure by 15-40%. A maximum pres- 
sure-volume ratio point—that is, the peak 
value of the ratio of left ventricular pressure to 
left ventricular volume within cardiac cycle— 
was calculated over eight seconds during 
occlusion of the inferior vena cava. Linear 


regression analysis of these points was used to 
determine the end systolic pressure-volume 
relation,”’ and end systolic elastance was used 
as an index of cardiac contractility.!°"? 


EVALUATION OF EFFECTIVE ARTERIAL ELASTANCE 
Effective arterial elastance can be determined 
in the pressure-volume diagram as the ratio of 
end systolic pressure to stroke volume” ™*: 

Ea = Pes/SV = (Rc + R)/T (2) 
where Ea is the effective arterial elastance, Pes 
the left ventricular end systolic pressure, SV 
the stroke volume, Rc the characteristic 
impedance, R the arterial resistance, and T 
the duration of one cardiac cycle. 

In this study, heart rate was fixed at 90 beats 
per minute to keep T in equation (2) constant; 
therefore, effective arterial elastance changed 
in parallel with the total arterial elastance. 


EVALUATION OF MECHANICAL ENERGY 

EFFICIENCY 

Mechanical energy efficiency was determined 

as the ratio of external work to pressure- 

volume area by the following equation,‘ * 

Mechanical energy efficiency = external work/ 
pressure-volume area 


The pressure-volume area, which was deter- 
mined as the area surrounded by the line of 
the end systolic pressure-volume relation, the 
end diastolic pressure-volume curve, and the 
systolic segment of the pressure-volume 
trajectory, represents the total mechanical 
energy of the ejecting contraction.* External 
work was measured as the area enclosed by a 
pressure-volume loop. 


PACING STUDY 

Two bipolar pacing catheters were introduced 
through the femoral vein and positioned in the 
right atrial appendage and the right ventricu- 
lar apex, respectively. Pressure-volume loops 
and end systolic pressure-volume relations 
were obtained during atrial, atrioventricular, 
and ventricular pacing with a constant heart 
rate of 90 beats per minute when the inferior 
vena cava was occluded. The pacing modes 
were changed in a random order. Data were 
recorded five minutes after the pacing mode 
was changed. During ventricular pacing the 
atrium was paced 50 ms after the ventricle to 
exclude the contribution of random atrial con- 
traction to left ventricular filling. During 
atrioventricular pacing the atrioventricular 
delay was 150 ms. 


STATISTICAL ANALYSIS 

Values are expressed as mean (SD). The stat- 
istical significance of differences in the indices 
among pacing modes was tested by an analysis 
of variance (ANOVA) and Scheffe’s F test. 
Results were regarded as significant when 
p < 0-05. 


Results 

Figure 1 shows representative pressure- 
volume loops for each pacing mode. Panel A 
shows pressure-volume loops and end systolic 
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Figure 1 Representative 
pressure-volume loops 


ventricular pacing (C). 
End systolic elastance 
(Ees) and mechanical 
energy efficiency ( Eff) were 
lower and effective arterial 
elastance (Ea) was higher 
ventricular 
pacing than during 
atrioventricular pact 
Ees and Eff were lower 
during atrioventricular 
pacing than during atrial 
pacing. . 


Ees (mm Hg/ml) 


A pacing AV pacing V pacing 
Figure 2 (A) Changes tn end systolic elastance (Ees) during atrial (A) pacing, 


atrioventricular (AV) pacing, and ven 





Pressure (mm Hg) 
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Volume (ml) Volume (ml) Volume (ml) 
Ees = 2-0 mm Hg/ml Ees = 1-6 mm Hg/mi Ees = 1-2 mm Hg/m! 
Ea = 1-6 mm Hg/mi Ea = 1-7 mm Hg/ml Ea = 2-1 mm Hg/mi 
Eff = 63% Eff = 59% Eff = 51% 


pressure-volume relations obtained during 
occlusion of the inferior vena cava and atrial 
pacing. End systolic elastance and mechanical 
energy efficiency were lower during atrioven- 
tricular pacing than during atrial pacing (B). 


- End systolic elastance and mechanical energy 


efficiency were lower and effective arterial elas- 
tance was higher in ventricular pacing than in 
atrioventricular pacing (C). 


iw 


Ea (mm Hg/m!} 
N 


A pacing AV pacing V pacing 


tricular { V} pacing. Ees during atrial pacing 


“aera pacing mar higher han during vener indar (p < 0-01). Ba tare 
ri 


Aei h < 0-01). 


ventricular pacing (p < 0-05). 


cular than during 

es in effective arterial elastance (Ea) during atrial pacing, atrioventricular 
ventricular pacing. Ea was similar during atrial pacing and atrioventricular 
. However, Ea was higher during ventricular pacing than during atrioventricular 


Haemodynamic variables (mean (SD) ) in the three pacing modes 


Variable 

LVESVI (mi 

LVED Vi alin) 
Ma fal H 
Ees (mm Hg/mi 
Ea (mm Hg/ml) 
Eff (%) 


Ventricular 
Atrial pacing AV pacing pacing 
24 (7) 23 (8) 23 (7) 
69 (11) 66 (10) 55 (11)* 
46 (8) 43 (5) 32 (6) 
(27) 30 ( 113 (17)** 
2:5 (1-1) 2-0 a 1-6 a 
1-7 (0-5) 1-7 2-1 (0-6)** 
0-72 (0-18) 0-92 (0-22)* 1-41 (0-29)** tt 
8) 63 (9)** 56 (8)**tt 





*p < 0-05 and **p < 0-01 versus atrial pacing; fp < 005 and ffp < 0-01 versus atrio- 


ventricular pacing. 


AV, atrioventricular; Ea, effective arterial elastance; Ees, end systo 
energy efficiency; LVEDVI, left ventricular end diastolic volume index; L.VESP, left ventricular - 
VESVI, left ventricular end systolic volume index; SVI, stroke volume 


end systolic pressure; L 
index. ` 


lic elastance; Eff, mechanical 


LEFT VENTRICULAR PRESSURE AND VOLUME 
CHANGES 

Left ventricular volume index and pressure 
were not significantly different during atrial 
pacing and during atrioventricular pacing. Left 
ventricular end diastolic volume index and left 
ventricular end systolic pressure were smaller 
during ventricular pacing than during atrio- 
ventricular pacing (p < 0-01). Left ventricular 
end systolic volume indices during these two 
pacing modes were not significantly different. 
Consequently, stroke volume index was sig- 
nificantly smaller during ventricular pacing 
than during atrioventricular pacing (table). 


CHANGES IN VENTRICULOARTERIAL COUPLING 
AND MECHANICAL ENERGY EFFICIENCY 

End systolic elastance was 16% lower during 
atrioventricular pacing than during atrial pac- 
ing (fig 2A) (p < 0-01) and effective arterial 
elastance was similar during both modes (fig 
2B). Therefore, the mean ratio of effective 
arterial elastance to end systolic elastance was 
greater (fig 3A) and mechanical energy effici- 
ency was smaller (fig 3B) during atrioventricu- 
lar pacing than during atrial pacing. 

During ventricular pacing end systolic elas- 
tance was lower (p < 0-05) (fig 2A) and effective 
arterial elastance was 23% higher (p < 0-01) 
than during atrioventricular pacing (fig 2B). 
Thus the mean ratio of effective arterial elas- 
tance to end systolic elastance was greater (fig 
3A) and mechanical energy efficiency was less 
(fig 3B) during ventricular pacing than during 
atrioventricular pacing. 


Discussion 

The effects of pacing modes—that is, atrial, 
atrioventricular, and ventricular pacing—on 
the interaction of the left ventricle and arterial 
system were assessed by the measurement of 
end systolic elastance and effective arterial elas- 
tance. Both atrial contraction and synchrony of 
ventricular contraction were important in the 
optimisation of ventriculoarterial coupling. 


SYNCHRONY OF LEFT VENTRICULAR 
CONTRACTION 

There was no significant difference in left ven- 
tricular volume and: pressure between atrial 
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A pacing AV pacing V pacing 


Yamamoto, Kodama, Masuyama, Hirayama, Nanto, Mishima, Kitabatake, Kamada 


30 
A pacing AV pacing V pacing 


Figure3 (A) Changes in Ea/Ees between atrial (A) pacing, atrioventricular (AV) 


pacing, and ventricular (V) pacing. This ratio was lowest during atrial pacing and 


hest ‘cular B) C E atrial paang, 
highest during ventri pacing. (B) Changes in ff during atr 


atrioventricular pacing, 


Eff was highest during atrial pacing and 


pacing. 
lowest during ventricular pacing. See legend to fig 1 for abbreviations. 


pacing and atrioventricular pacing. Therefore 
there was no significant difference in effective 
arterial elastance between these two pacing 
modes. End systolic elastance was lower in 
atrioventricular pacing than in atrial pacing. 
The reduction of end systolic elastance may be 
due to dyssynchronous ventricular contraction, 
because the mode of ventricular contraction— 
that is, synchronous or dyssynchronous—is the 
most important difference between these pacing 
modes. Badke et al reported that ventricular 
pacing promoted dyssynchronous ventricular 
contraction with reciprocal interactions be- 
tween the early and late shortening areas.” At 
end systole those portions of the left ventricle 
that were activated first lengthen (whereas in 
the most recently activated area they shorten) 
and thus do not contribute to the generation of 
end systolic left ventricular pressure. There are 
several reports that areas of the left ventricle 
that are activated early bulge paradoxically in 
late systolic phase during dyssynchronous left 
ventricular contraction.” Furthermore, 
Rosenqvist et al showed that abnormal ven- 
tricular activation—that is, dyssynchronous 
ventricular contraction—results in a significant 
deterioration in regional left ventricular sys- 
tolic performance in humans.” Burkhoff et al 
showed that pacing from different ventricular 
sites that changed the degree of dyssynchrony 
of ventricular contraction resulted in different 
intensities of ventricular performance.” Thus 
dyssynchronous ventricular contraction may 
well be responsible for the reduced cardiac 
contractility during atrioventricular pacing. 


ATRIAL CONTRACTION 

Left ventricular end systolic pressure was 
lower during ventricular pacing than during 
atrioventricular pacing. In addition, without 
atrial contraction left ventricular end diastolic 
volume and stroke volume also decreased. 
Therefore, effective arterial elastance increased 
during ventricular pacing, as it did in an earlier 
study in dogs.” Sympathetic stimulation, 
which is accompanied by a reduction of stroke 
volume, may be partly responsible for the 
increase in effective arterial elastance. 


End systolic elastance was lower during 
ventricular pacing than during atrioventricular 
pacing (fig 2A). The lack of atrial contraction 
during ventricular pacing reduced the left 
ventricular end diastolic volume and changed 
the filling pattern.” In earlier studies end 
systolic elastance was insentitive to changes of 
load.!°* However, a rapid increase in left 
ventricular volume in late diastole reduced left 
ventricular end systolic volume and increased 
left ventricular end systolic pressure.” ” This 
strongly suggests that cardiac contractility is 
increased by a rapid increase in left ventricular 
volume during late diastole. In ventricular 
pacing, filling occurs mainly in early diastole 
and little filling is seen in late diastole. In 
contrast, early diastolic filling is equal to or even 
less in atrioventricular pacing than in ven- 
tricular pacing, and during atrioventricular 
pacing late diastolic filling is much greater, 
producing a rapid increase in left ventricular 
volume.” Thus the reduction of cardiac con- 
tractility in ventricular pacing may be ex- 
plained by the difference in the filling pattern. 


VENTRICULOARTERIAL COUPLING AND 
MECHANICAL ENERGY EFFICIENCY 

The ratio of effective arterial elastance to end 
systolic elastance, the index of ventriculo- 
arterial coupling, was lowest during atrial pac- 
ing and was highest during ventricular pacing. 
As a result, mechanical energy efficiency was 
highest in atrial pacing and lowest in ventricu- 
lar pacing. 

Earlier studies showed that the pressure- 
volume area represents the total mechanical 
energy generated by ventricular contraction.‘ ’ 
The efficiency of energy transfer from ven- 
tricular oxygen consumption to external work 
can be divided into two steps: the efficiency of 
energy transfer from ventricular oxygen con- 
sumption to the pressure-volume area and the 
efficiency of energy transfer from pressure- 
volume area to external work.*’*? The second 
step represents mechanical energy efficiency 
and we found that the efficiency of the second 
step was reduced by dyssynchrony of ven- 
tricular contraction and absence of atrial 
contraction. These results suggest that dys- 
synchronous ventricular contraction and 
absent atrial contraction waste energy and 
produce an energetically poor coupling be- 
tween the left ventricle and the arterial system. 
We did not measure ventricular oxygen con- 
sumption so the effect of dyssynchronous ven- 
tricular contraction or absence of atrial con- 
traction on the first step of energy transfer is 
unknown. 


STUDY LIMITATION 
The study population was small. The trends 
shown by the results were so clear, however, 
that we believe the conclusion of this study will 
not be affected by increasing the sample size. 
Secondly, the end systolic pressure-volume 
relation in dogs was non-linear.” None the 
less, Kass et al and Little et al reported that end 
systolic elastance did approximate to a straight 
line over a limited load range and that this 
could be used to assess the inotropic state.” 7 
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We used a linear approximation of the end 
systolic pressure-volume relation to determine 
end systolic elastance in this study. 

Thirdly, Boltwood et al reported difficulties 
in measuring ‘absolute’ left ventricular 
volume by a conductance catheter.” But they 
also said that their data did not exclude the 
possibility that a conductance catheter can give 
a useful measurement of “relative” left ven- 
tricular volume over a range of haemodynamic 
states. Furthermore, the reliability of the 
measurement of left ventricular volume and of 
the end systolic pressure-volume relation by 
the conductance catheter has been validated by 
several groups,” and also by us.'® Burkhoff 
raised some questions about Boltwood et al’s 
results.*' Thus we think that possible errors in 
the determination of left ventricular volumes 
with the conductance catheter are unlikely to 
affect the conclusion of our study. 

Fourthly, atrioventricular delay can affect the 
results of this study. Iwase et al described the 
effects of atrioventricular delay on cardiac func- 
tion.“ Nitsch et al and Videen et al, however, 
found that changes in the atrioventricular delay 
in patients without ventricular dysfunction had 
no significant haemodynamic effects.“ “ The 
haemodynamic effects of atrioventricular delay 
seem to depend on left ventricular function*? © 
and the interatrial conduction delay.” None of 
the patients we studied had left ventricular wall 
motion abnormality or coronary artery disease 
when they were examined by left ventriculo- 
graphy and coronary angiography. We exam- 
ined a volume-time curve for the left atrium to 
ventricular sequence to determine the 
interatrial conduction delay. The interatrial 
conduction delay calculated as 150 ms minus 
the left atrium to ventricular sequence ranged 
from 76 to 97 ms (mean 86 ms) in this study, 
and thus the effects of interindividual difference 
in the interatrial conduction delay on our 
results are likely to be small. Furthermore, the 
effects of atrioventricular delay were much 
smaller than those of the pacing mode.” #* 
However, in individuals with a long interatrial 
‘conduction delay the effects of interatrial con- 
duction delay or atrioventricular delay would 
not be negligible. 

Fifthly, we used atrial pacing 50 ms after the 
ventricular stimulation to exclude varying tim- 
ing of atrial contraction during the cardiac 
cycle in ventricular pacing. Naito et al and 
Faerestrand et al showed that haemodynamic 
function was worse after ventricular pacing 
with retrograde ventriculoatrial conduction 
than after ventricular pacing without 
retrograde ventriculoatrial conduction or after 
atrial fibrillation with regular ventricular pac- 
ing.“ Naito et al suggested that this poor 
haemodynamic function when retrograde ven- 
triculoatrial conduction was present might be 
explained by pulmonary venous regurgitation 
caused by atrial contraction during the ven- 
tricular ejection period.” In addition, when the 
atrium contracts during the ventricular ejec- 
tion period various reflex mechanisms such as 
atrial stretch receptors and baroreceptors 
might influence haemodynamic function 


including cardiac function. Thus the differen- | 
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ces that we found between atrioventricular and 
ventricular pacing may be partially attributable 
to the atrial pacing 50 ms after the ventricular 
stimulation. 

Finally, we used effective arterial elastance as 
the index of afterload in this study and we did 
not take account of the influence of wave 
reflection in the arterial system on afterload 
because effective arterial elastance is developed 
on the basis of the three element Windkessel. 
Because we did not measure instantaneous 
arterial pressure we have no data on systemic 
arterial resistance and wave reflection. This 
precludes our assessing the relation between 
the changes in systemic arterial resistance and 
wave reflection and the changes in effective 
arterial elastance. However, Pepine et al and 
Murgo ez al showed that peripheral resistance 
accounts for more than 90% of aortic input 
impedance and wave reflection for less than 
5%.” © Burkhoff and his colleagues showed that 
the Windkessel model gave a reasonable rep- 
resentation of afterload.” Sunagawa and his 
colleagues showed that most of the effects of 
afterload on stroke volume depended on peri- 
pheral resistance.” They also showed that 
effective arterial elastance correlated linearly 
with the ratio of total resistance (the sum of the 
arterial resistance and characteristic impe- 
dance) to the duration of one cardiac cycle,” 
and that the linear relation between end systolic 
pressure and stroke volume was seen under the 
same arterial impedance properties modelled in 
terms of a three element Windkessel.’* Thus we 
think that the changes in effective arterial elas- 
tance reflected the changes in afterload, and we 
used such changes to assess the changes in 
ventriculoarterial coupling. 


CLINICAL IMPLICATION 

Our study showed that end systolic elastance 
was lower during atrioventricular pacing than 
during atrial pacing and that end systolic 
elastance was lower and effective arterial elas- 
tance was higher during ventricular pacing 
than during atrioventricular pacing. Therefore 
mechanical energy efficiency was highest in 
atrial pacing and lowest in ventricular pacing. 
We conclude that dyssynchronous ventricular 
contraction promotes a reduction in cardiac 
contractility and modifies ventriculoarterial 
coupling to reduce mechanical energy 
efficiency. A lack of atrial contraction promotes 
a reduction in cardiac contractility and an 
increase in afterload, thus modifying ventricu- 
loarterial coupling to reduce mechanical energy 
efficiency. These findings show that the pacing 
mode influences the interaction between the left 
ventricle and arterial system and that an atrial 
contraction and synchronous ventricular con- 
traction are important in the optimisation of 
ventriculoarterial coupling. Rosenqvist et al 
found a significantly higher incidence of con- 
gestive heart failure and mortality in patients 
with ventricular pacing than in patients with 
atrial pacing.” Alpert et al showed that the 
survival rate in patients with congestive heart 
failure was lower with ventricular pacing than 
with atrioventricular pacing.” Our results sug- 
gest that these earlier findings may be partially 
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explained by inappropriate ventriculoarterial 
coupling in patients with ventricular pacing. 

Our results show that atrial pacing gave. the 
best ventriculoarterial coupling and mechan- 
ical energy efficiency. In patients with vent- 
ricular dysfunction, optimisation of ventri- 
culoarterial coupling is important because itis a 
determinant for external work. Burkhoff and 
Sagawa showed that stroke work is greatest 
when end systolic elastance equals effective 
arterial elastance.” In patients with ischaemic 
heart disease optimisation of mechanical 
energy efficiency is important because blood 
supply is limited by coronary artery stenoses. 
Furthermore, dyssynchronous ventricular 
contraction had a deleterious effect on left 
ventricular relaxation.” * Thus atrial pacing is 
especially suitable for patients with ventricular 
dysfunction and/or ischaemic heart disease. If 
possible, the atrioventricular delay should be 
prolonged in patients with atrioventricular 
pacing to obtain synchronous ventricular con- 
traction. 

This study also showed the advantage of 
assessing ventriculoarterial . coupling in 
individual patients. For example, during ven- 
tricular pacing end systolic pressure was 
lowest, but “‘real afterload’’—that is, effective 
arterial elastance—was highest because of the 
further reduction of stroke volume. During 
atrioventricular pacing left ventricular volume 
indices and pressure were not significantly 
different from those at atrial pacing; however, 
end systolic elastance—that is, the index of 
cardiac contractility—was smaller in atrioven- 
tricular pacing. Thus the assessment in terms 
of ventriculoarterial coupling gives more 
detailed information about the most suitable 
pacing mode in individual patients. 
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Abstract 

Objective-—This study investigated the 
changes in regional myocardial ultra- 
sonic backscatter, measured as myo- 
cardial echo amplitude, that occur 
during reversible myocardial ischaemia 


in humans. 
Design—Left anterior descending 
coronary angioplasty was used to 


produce reversible myocardial isch- 
aemia in human subjects. Regional 
myocardial echo amplitude was studied 
in the interventricular septum and left 
ventricular posterior free wall before, 
during, and after coronary occlusion 
with the angioplasty balloon. Wall 
motion analysis of the left ventricle 
was performed from simultaneous cross 
sectional echocardiographic imaging. 
Patients were studied prospectively. 

Patients—Six patients (mean age 56 
(SD 11), range 46 to 69 years) with single 
vessel, left anterior descending coronary 
artery stenoses, were investigated during 
elective coronary angioplasty. A total of 
11 balloon inflations were studied. 

Setting—All patient studies were 
performed at Harefield Hospital. Echo 
amplitude analysis was performed at the 
Royal Brompton Hospital. 

Interventions—Angioplasty was per- 
formed by the usual procedure at 
Harefield Hospital for elective coronary 
angioplasty. AIl routine medication 
including f blockers and calcium 
antagonists were continued. Inflation 
pressures were up to 12 atm (1212 kPa) 
and mean inflation time ranged from 30 
to 120 (86 (31)) s. In four studies the first 
inflation was examined, in three the 
second, in two the third, and in one each 
the fourth and fifth inflations. Echo 
amplitude and cross sectional echo- 
cardiographic studies were recorded 
with a 3-5 MHz Advanced Technology 
Laboratories (ATL) (720A/8736 series) 
mechanical sector scanner and an ATL 
Mark III (860-1 series) echocardiograph 
system with 45 dB logarithmic grey scale 
compression. 

Main outcome measures—Regional 
echo amplitude was examined in four 
regions of the left ventricle—namely, the 
basal and mid-septum, and basal and 
mid-posterior wall. Consecutive end 
diastolic and end systolic frames were 
analysed and cyclic variation was 
determined as the difference between the 


level of echo amplitude at end diastole 
and at end systole. Measurements were 
made before balloon inflation, at peak 
inflation, and -after balloon deflation. 
Regional wall motion and systolic wall 
thickening were analysed qualitatively. 

Results—Before balloon inflation, 
cyclic variation in echo amplitude was 
noted in all regions (basal septum, 2:4 
(SD 1-1) dB; mid-septum, 2:5 (1:1) dB; 
basal posterior wall, 3-3 (2:1) dB; mid- 
posterior wall, 3-9 (1:6) dB). During 
balloon inflation there was a significant 
fall in cyclic variation to 0'4 (0-9) dB 
(p < 0:0002) in the mid-septum. This was 
predominantly owing to an increase in 
end systolic echo amplitude from 5-4 
(2:0) dB to 9:3 (1:9) dB (p < 0°01). This 
was associated with the development of 
severe hypokinesis or akinesis in the 
mid-septum. No significant changes in 
echo amplitude occurred in the three 
other regions examined. Changes were 
completely reversed after balloon 
deflation. 

Conclustons—These results suggest a 
causal relation between occlusion of the 
supplying coronary artery and blunting 
of myocardial echo amplitude cyclic 
variation. It is suggested that balloon 
occlusion produced myocardial isch- 
aemia. The resultant impairment of 
myocardial contraction then caused a 
blunting of cyclic variation in echo 
amplitude. The results of this study 
provide further data about the ability 
of quantitative studies of ultrasonic 
backscatter to identify alterations in the 
myocardium during injury. 


A link between cyclic variation in echo 
amplitude and cardiac contraction has been 
shown.' To assess this relation further a 
human model of reversible myocardial 
ischaemia was used to examine the effect of a 
reversible perturbation of cardiac contraction 
on cyclic variation of echo amplitude. 
Percutaneous transluminal coronary angio- 
plasty of the left anterior descending artery 
provided an ideal model for studying left 
ventricular performance and function during 
short, controlled, and reversible episodes of 
myocardial ischaemia. Catheter balloon 
inflation performed during coronary angio- 
plasty produces virtually total interruption of 
regional coronary blood flow. - Numerous 
studies during coronary angioplasty have 
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Table 1 Coronary angioplasty patient characteristics 





Total number of 
Patient Sex Age tnflations studied 
l M 46 1 
2 M 47 i 
3 F 69 2 
4 M 50 2 
5 F 54 3 
6 M 69 2 





shown the effect of balloon occlusion on global 
and regional left ventricular function using 
either M mode? or cross sectional echo- 
cardiography,*” direct cine left ventriculo- 
graphy,”* and intravenous digital subtraction 
ventriculography.’ Similarly left ventricular 
filing dynamics have been studied during 
coronary angioplasty with high fidelity 
manometer tipped catheters” and Doppler 
echocardiography. These studies suggested 
that coronary angioplasty provided an ideal 
model in which to study the effect of reversible 
myocardial ischaemia on cyclic variation in 
echo amplitude. As left anterior descending 
coronary artery angioplasty had been shown 
to produce changes in segmental shortening in 
the distal and mid-intraventricular septum,’ 
cyclic variation in echo amplitude was 
examined in this region of the myocardium in 
a series of patients with single vessel left 
anterior descending stenoses who were under- 
going coronary angioplasty. 


Patients and methods 

PATIENTS 

Six patients with single vessel left anterior 
descending coronary artery disease, defined as 
greater than 70% luminal stenosis, were inves- 
tigated during elective coronary angioplasty. 
No patient had a history of transmural myocar- 
dial infarction. Two patients were women and 


. patient age ranged from 46 to 69 years (mean 


(SD) 56 (11) years). All patients previously had 
diagnostic coronary angiography and cine left 
ventriculography in the 30° right anterior 
oblique projection performed for the investiga- 
tion of angina. In all cases left ventriculography 
was normal or showed minimal anterior 
hypokinesia only. A total of 11 balloon 
inflations were studied in the six patients; three 
inflations in one, two inflations in three, and one 
inflation each in the remaining two. The study 
was approved by the hospital ethical committee 
and all patients gave informed consent. Care 


Table 2 Characteristics of angioplasty balloon inflation, electrocardiographic changes, 


and pain 


Patent No 


CA OG UA OUT UT ode ee a Ga bo ee 


UA OO O ee e DOD NOD el bat paat 


Duration of ST segment Cardiac 
inflation (s) r pain 
00 No No 
40 Yes Yes 
30 Yes Yes 
90 Yes Yes 
60 Yes No 
120 Yes No 
90 No No 
100 No No 
120 No No 
90 No No 
120 No No 
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was taken not to interfere with or prolong the 
therapeutic procedure. Table 1 shows charac- 
teristics of the patients. 


PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY PROTOCOL 

Angioplasty was performed by the usual 
procedure for elective coronary angioplasty at. 
Harefield Hospital. Patients were premedicated 
with intramuscular papavertetum and meto- 
clopramide. Ali routine medication including 
B blockers and calcium antagonists was 
continued. 

The angioplasty procedure was performed 
via the femoral approach. An intravenous 
single dose of 5000 units of heparin was 
administered at the start of the procedure. 
Non-ionic contrast medium, steerable guide 
wires, and balloon catheters with diameters 
varying from 2:5 to 3-5 mm were used. Inflation 
pressures were up to 12 atmospheres (1212 
kPa) and mean inflation time (86 (SD 31)) 
ranged from 30 to 120s. Table 2 shows that in 
four studies the first inflation was examined, in 
three the second, in two the third, and in one 
each the fourth and fifth inflations. 

Continuous electrocardiographic monitor- 
ing was performed throughout the procedure 
with the six limb and augmented limb leads (I, 
II, III, aVL, aVF, and aVR) being monitored 
by a 7 series Seimens Elema Mingograf. The 
electrocardiogram was recorded immediately 
before and throughout each balloon inflation 
and after balloon deflation until any changes 
had resolved. 


ECHO AMPLITUDE AND CROSS SECTIONAL 
ECHOCARDIOGRAPHY STUDIES 

Echo amplitude and cross sectional echo- 
cardiographic studies were recorded with a 
3-5 MHz Advanced Technology Laboratories 
(ATL) (720A/8736 series) mechanical sector 
scanner and an ATL Mark III (860-1 series) 
echocardiograph system with 45 dB logarith- 
mic grey scale compression. To obtain the least 
modified echo amplitude signal, self correcting 
circuits were inactivated to avoid further 
differentiation of the original echo signal. 
Images were simultaneously displayed in grey 
scale and in colour by a Brompton Encoder 
(Alitek Hospital Supplies, Shepperton, 
Middlesex, UK) as they were recorded. On the 
colour scale each level of echo amplitude was 
represented as a single colour in the sequence: 
cyan, green, yellow, red, magenta, blue, and 
white, the last corresponding to maximum 
amplitude. The brightness of the displayed 
signal was modulated so that within each colour 
level, the luminosity was varied. This approach 
allowed a continuous range of echo amplitude 
to be displayed, and also meant that regions of 
low echo amplitude appeared with low bright- 
ness on the screen. These were less con- 
spicuous on the final image and thus preserved 
the original amplitude perspective." 

All images were acquired with a standardised 
protocol to enable intrapatient and interpatient 
comparisons. Patients were studied in the 
supine position and long axis parasternal views 
were recorded. Gain settings were standard- 
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ised: the master gain was increased until the 
parietal pericardium posterior to the left 
ventricle was just displayed at the highest level 
of the encoder (white). The depth compensa- 
tion was then set to a linear ramp across the 
image at a rate of roughly 2 dB/cm. The gain 
settings were not altered thereafter. Images 
were stored on U-matic 3/4 inch video tape in a 
Sony VO 5800PS recorder. 

Image analysis was performed by a Tandon 
PCA desk top computer. Stop frame end 
diastolic and end systolic images for analysis 
were selected by a video recorder with digital 
frame advance (Sony VO 5800PS). These 
frames were transferred from tape to a 
512 x 256 x 6 bit frame store. Images were 
processed with an adaptive filtering process for 
the reduction of speckle as this decreased echo 
amplitude variance and allowed smaller sample 
sizes to be used.” ” Four areas of interest were 
defined, in the interventricular septum (basal 
and mid-septum), and posterior wall (basal and 
mid-posterior wall) as defined by the left 
ventricular anatomical nomenclature of 
Edwards et al'* and measurements of 256 
individual picture elements (pixels) were made 
from each area. Four separate measurements, 
each of 64 pixels, were made and averaged 
rather than one individual measurement of 256 
pixels as this allowed the pixel matrix to be 
placed within the mid-myocardium and thus 
avoided including specular echoes from the 
endocardium or epicardium. A maximum pixel 
intensity for each image was derived by 
measuring the maximum colour intensity of the 
superimposed colour scale (usually corres- 
ponding to 52 levels of grey scale). This 
corresponded to a value of 45 dB and allowed 
echo amplitude values (dB) to be assigned (a 
grey scale level thus corresponding to 
approximately 0-86 dB). Individual pixel 
amplitudes were displayed as a histogram anda 
separate digital readout displayed mean, 
median, and SD values for each region 
measured. The display of the frequency 
histogram on the image proved useful, as an 
obviously bimodal form usually meant that 
specular echoes had mistakenly been included 
in the area of interest. Consecutive end 
diastolic and end systolic frames were analysed 
and cyclic variation determined as the 


Table 3 Mean end diastole and end systolic echo 
amplitude values during percutaneous transluminary 
coronary angioplasty (mean (SD) ) 


Pre- , Peak ; Post- 


inflation inflation 

Basal septum 

ED (dB) 75 $1 3 T8 a 4) 7-0 on 

ES (dB) 5-1 (1:2 59 (1-6) 4-6 (0°8 
Mid 

ED (dB) 8-4 (2-2) 9-7 (2-1) 79 (2-1 

ES (dB) 5-9 (2-0) 9-3(1-9)* 5-4 ff 
“am 

B-l (24 7-9 (1: 7:2 (1: 

ES (dB) 4-7 aD 5-0 on 42 0) 
Mid-PW: 

ED (dB) 9-1 (2-0) 8-5 (2-3) 8:1 (2-0) 

ES (dB) 5-2 (0-9) 5-6 (1-5) 4-6 (1-2) 


*p < 0-0001 (ANOVA) for all four groups, | p< see for all 
paired groups (Bonferroni’s) comparing the tum to 
other regions. Basal PW, basal posterior wally ED. ead 
diastole; ES, end systole; Mid-PW, mid-posterior wall. 
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difference between the level of echo amplitude 
at end diastole and at end systole. Cyclic 
variation index was calculated as the ratio: 
cyclic variation (end diastolic echo amplitude 
minus end systolic echo amplitude): end dia- 
stolic echo amplitude. 

Images for analysis were recorded at baseline 
with the deflated balloon and guide wire across 
the coronary lesion, at the peak of balloon 
inflation and after balloon deflation. Inordernot 
to interfere with the therapeutic procedure and 
patient safety and welfare, the timing of the 
imaging after deflation was by necessity 
variable. Seven balloon inflation images were 
acquired 15-30 seconds after deflation, but in 
the remaining four inflations, images could not 
be acquired until five, 10, 20, and 60 minutes 
after balloon deflation. In one study images of 
the mid-posterior wall were not suitable for 
analysis. 

Regional wall motion analysis was per- 
formed qualitatively. Normal left ventricular 
wall motion was assessed by the amount of 
systolic myocardial thickening and inward 
endocardial motion. Abnormalities of seg- 
mental wall function were identified by a 
reduction in wall thickening and motion. 


Results i 

CLINICAL OUTCOME, CHEST PAIN, AND ST 
SEGMENT CHANGES 

All six patients underwent successful dilatation 
of their coronary stenoses. Significant ST 
segment shifts on the monitored electro- 
cardiographic leads occurred during five 
balloon inflations. This was accompanied by 
chest pain consistent with cardiac ischaemia 
during three inflations (table 2). On all 
occasions ST segment changes and chest pain 
resolved rapidly after balloon deflation. 


WALL MOTION AND THICKENING 
ABNORMALITIES 

Before balloon inflation no significant wall 
motion abnormalities were present. During 
each of the 11 balloon inflations, severe 
hypokinesis or akinesis developed in the mid- 
septum and distal septum accompanied by 
diminished or absent wall thickening. Obvious 
hyperkinesis or severe hypokinesis of the 
ventricular wall was not seen elsewhere in the 
myocardium during any balloon inflation, 
except in the distal mid-posterior wall of two 
patients (patients 1 and 2). In the seven 
inflations where imaging was obtained for the 
first 30 seconds after balloon deflation the 
hypokinesis or akinesis seen resolved within 
the 30 s after deflation. For the remaining four 
inflations, resolution of the wall motion 
abnormalities was noted at the time of imaging 
after deflation. 


END DIASTOLIC AND END SYSTOLIC REGIONAL 
ECHO AMPLITUDE 

Table 3 shows mean values for regional echo 
amplitude for all four regions of ventricular 
myocardium at both end diastole and end 
systole. Tables 4-7 show the individual values 
for all patients. Values were greatest at end 
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Table 4 Individual echo 


amplitude (dB) at the basal septum for end diastole (ED) 
Golat 


and end systole (ES) during angioplasty 





Inflation Pre- Peak Post- 
Patient Variable studied n inflation inflation inflation 
1 ED 1 6-2 8-8 63 
ES 34 T1 47 
CVI 0-45 0:20 0-25 
2 ED l 58 59 68 
ES 4-6 4-0 4-4 
CVI 020 0-32 0-35 
3 ED 1 9-3 10-5 6:3 
ES 6-1 8-7 5:2 
CVI , 035 0-17 0-17 
3 ED 2 ` 84 T6 8-7 
ES 5-4 5-3 44 
CVI 0-36 0-30 0:50 
4 ED 2 5:2 6:1 5-9 
ES 3-2 5-4 3-6 
CVI 0-37 œil 0-39 
å ED 4 5-4 8-0 48 
ES 4°} 76 3-8 
CVI 0-24 0-05 0-20 
5 l 11-6 9-0 79 
ES 7-0 6-4 3-8 
CVI 0-39 0-29 0-52 
5 ED 3 8-6 81 9-0 
ES 5-8 5-7 6:2 
CVI 0-32 0-30 0-31 
ED 5 79 ` 77 T4 
ES 6'4 6-5 53 
CVI 0:20 0-15 0-28 
6 ED 2 6-7 6-0 73 
ES 5-3 &3 48 
CVI 0-21 0-29 0-34 
6 3 7-6 V7 67 
ES Es 4°6 3:4 43 
CVI 0-40 0-55 0-35 
CVI, cyclic variation index. 


diastole, and least at end systole. There was no 
significant difference between pre-inflation or 
post-inflation values at end diastole or end 
systole for the four regions. End systolic values 
in the mid-septum at peak inflation, however, 
were significantly greater (p < 0:005) than 
values for the other three regions of myo- 
cardium examined. For the mid-septal region, 
systolic values of echo amplitude were greatly 
increased by peak inflation compared with pre- 


Table 5 Individual echo amplitude (dB) at the mid-septum for end diastole (ED) and 
end systole (ES) during angioplasty 








Inflation Pre- Peak Post- 
Patient Variable studied n inflation inflation inflation 
1 ED I 78 9:8 65 
ES 40 9-4 5-7 
CVI 0-49 0-04 O11 
2 ED 1 7:2 8-8 5.9 
ES 5-6 9-0 37 
CVI 0-22 ~ 03 0-37 
3 ED 1 11-8 10-9 10-2 
ES 8-6 8-7 6) 
CVI 0-27 0-20 0-41 
3 ED 2 9-5 11:4 9-8 
ES 5.7 11:0 5-9 
CVI 0°39 0-04 0-40 
4 ED 2 5-0 5-6 5-3 
ES 33 6:1 3-4 
CVI 0-33 ~ Q09 0:35 
4 ED 4 5-3 7:2 5-1 
ES 41 74 40 
CVI 0-23 0-03 0-21 
5 ED 1 9-5 11-3 9-0 
ES 69 11-4 6°2 
CVI 0-27 ~ 0-02 0-31 
5 3 96 © 9-8 10-6 
ES 77 105 69 
CVI 0:20 -007 0-35 
5 ED 5 11-2 13-0 9-9 
ES 9-4 12-4 6-6 
CVI 0°16 0-05 0-34 
6 ED 2 72 10-0 70 
ES 5-5 94 5-7 
CVI 0-24 0-07 0-19 
6 ED 3 9-0 8-9 8-0 
ES 43 745 5-2 
CVI 0-52 0-16 0:35 
CVI, cyclic variation index. 
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inflation (p < 0-01) After balloon deflation, 
values fell significantly (p < 0-01) and returned 
to values not significantly different from pre- 
inflation values. 


CYCLIC VARIATION IN ECHO AMPLITUDE 

Table 8 shows mean values for cyclic variation. 
Tables 4-7 shows individual values for cyclic 
variation index. Values for pre-inflation and 
post-inflation were not significantly different 
for the four regions for either the absolute value 
of cyclic variation of echo amplitude (end 
diastolic echo amplitude minus end systolic 
echo amplitude) or the cyclic variation index. 
At peak inflation there was a.significant fall in 
both these variables in the region of the mid- 
septum (ANOVA, p < 0-0001) compared with 
both pre-inflation (Bonferroni’s (comparison of 
pairs), p < 0-0002 and p < 0-01 respectively) 
and post inflation (Bonferroni’s, p < 0-0002 
and p < 0-01) values. This major decrease in 
cyclic variation was not seen in the other three 
regions of myocardium examined (figure). 


SUMMARY OF RESULTS 

During balloon inflation the mid-septum and 
distal septum of the ventricle became severely 
hypokinetic or akinetic. These changes were 
accompanied by significant changes in echo 
amplitude in the mid-septum. In this region a 
noticeable increase in end systolic echo 
amplitude occurred resulting in a fall in cyclic 
variation in echo amplitude to 16% of pre- 
inflation values and a similar fall in cyclic 
variation index to 10% of pre-inflation values. 
These changes paralleled the decrease in wall: 
thickening seen qualitatively. After balloon 
deflation these changes reverted to pre-inflation 
values as did wall thickening. 


Discussion 

This study documents the effects of reversible 
coronary artery occlusion on cyclic variation of 
myocardial echo amplitude. In the mid-septal 
region of the left ventricular myocardium, after 
balloon occlusion of the supplying left anterior 
descending coronary artery, regional cyclic 
variation in echo amplitude was much blunted, 
falling to values less than 16% of pre-occlusion 
values. Cyclic variation index, which relates the 
level of cyclic variation to end diastolic levels of 
echo amplitude, also declined significantly to 
less than 10% of pre-occlusion values. These 
changes were completely reversible after 
balloon deflation suggesting a causal relation 
between occlusion of the supplying vessel and 
the blunting of cyclic variation. It is postulated 
that balloon. coronary artery occlusion 
produced myocardial ischaemia in the territory 
of the left anterior descending coronary artery. 
The resultant impairment of myocardial con- 
traction subsequently caused a blunting of 
cardiac cycle dependent variation in back- 
scattered ultrasound. After balloon deflation 
and reperfusion these changes were rapidly 
reversed with no permanent sequelae. The 
evidence for this postulate is discussed further. 
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Table6 Individual echo 


(ED) and end systole (ES) 


litude (dB) at the basal posterior wall for end diastole 
angtoplasty 





Patient 
] 


CVI, cyclic variation index. 


Variable 


BE 


CVI 
ES 


B 


ES 


SP ao 


Inflation Pre- Peak Post- 
studied n inflation inflation inflation 
i 12 76 67 
42 6-5 46 
0-42 0-15 0:32 
1 72 8-5 6-0 
4-6 44 4-1 
0-37 0-48 0-31 
i 6-6 6-8 79 
5-1 47 3-6 
0-22 0-31 0-54 
2 6-9 7-0 6-9 
42 4-5 3-6 
0-40 0-36 0-48 
5.0 5-7 4-7 
3-6 3-9 3-2 
0-28 0-31 0-31 
4 5-8 5-8 45 
3-9 4-0 33 
0-33 0-31 0-25 
i 11-7 11-4 9-0 
7-1 5-0 4-6 
0-40 0-56 0-50 
3 10-7 9-1 9-3 
l 5.] 5-4 43 
‘0-52 0-40 0:54 
5 11-8 10-0 8-8 
4-0 5-7 6-0 
0-66 0-44 0-32 
2 6-9 7-1 7-4 
5-7 5-7 5.6 
0-17 0:20 0-25 
3 8-4 8-2 8-7 
4-1 5.2 3-6 
0-52 0-37 0-59 


EVIDENCE FOR MYOCARDIAL ISCHAEMIA 
Climcal findings 


An early manifestation of acute myocardial. 


ischaemia is the development of ST segment 
change on the electrocardiogram. Such 
changes were noted during five of the 11 balloon 
occlusions in this study. Previous studies in 
which limb lead electrocardiograms only were 
monitored have shown similar findings. Hauser 
et al found ST segment shift in seven of 16 
patients undergoing left anterior descending 


Table 7 Individual echo amplitude (dB) at the mid-posterior wall for end diastole 
(ED) and end systole (ES) during angioplasty 
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coronary angioplasty.’ Visser et al found ST 
segment change in four of 15 patients under- 
going coronary angioplasty (10 single vessel left 
anterior descending, four single vessel right 
coronary artery, and one double vessel right 
coronary artery and left anterior descending 
coronary artery).* The use of 12 lead electro- 
cardiographic monitoring greatly increases the 
frequency of ST segment change. noted. In a 
proup of 32 patients with mixed single and 
multiple vessel disease of whom 17 had angio- 
plasty of the left anterior descending coronary 
artery, Labovitz et al analysed electro- 
cardiograms to find significant ST segment 
changes in 25 of 31.'° Wohlgelernter et af 
detected ST segment changes in 12 of 14 
patients during angioplasty of the left anterior 
descending coronary artery and Norell et al in 
33 of 52 patients.” The use of intracoronary 
electrograms, recorded via the tip of the angio- 
plasty guide wire positioned distal to the 
coronary stenosis being treated, greatly 
increased the yield of ST segment changes.’ ** 
In a study by Jain and Gettes ST segment 
change occurred in 33 of 35 patients under- 
going left anterior descending coronary angio- 
plasty but was simultaneously detected in only 
13 patients by observation of surface leads II 
and V,.'° The absence of ST segment change in 
over half (six of 11) of the balloon occlusions 
examined in our study does not therefore 
exclude acute myocardial ischaemia during 
those occlusions. Similarly the occurrence of 
chest pain during only three of 11 balloon 
inflations was consistent with that previously 
reported. Hauser et af reported chest pain 
in eight of 16 patients during left anterior 
descending coronary angioplasty, and Visser et 
alt in five of 15 patients although only 11 of 
these patients underwent left anterior descend- 
ing coronary angioplasty, the remainder being 
right coronary artery lesions. The absence of 
chest pain would appear to correlate poorly. 
with the absence of acute myocardial 
ischaemia, chest pain being the last manifesta- 
tion of ischaemia.” 


Wall motion and systolic wall thickening 

Coronary artery ligation in open chested dogs 
causes echocardiographically detectable sys- 
tolic wall thinning in the ischaemic region 
within 30 s.'’ 8 In our study, decreased systolic 
wall thickening was noted in the distal and mid- 
interventricular septum during all 11 balloon 
inflations studied. Similar findings have been 
well documented by other workers. Hauser et 
al found new or increased wall motion 
abnormalities in 14 of 16 patients during left 
anterior descending coronary angioplasty.’ 
Hypokinesia was noted within 33 (19 (7)) 8 of 
balloon occlysion in all 14 patients and invari- 
ably preceded ST segment shift or chest pain 
where these occurred. Wall motion returned to 
normal within 30 seconds of balloon deflation in 
12 of these patients. Alam et al studied eight 
patients with left anterior descending single 
vessel coronary artery disease during 14 
balloon occlusions and noted a fall in systolic 
wail thickening of 50% or more in the interven- 
tricular septum during 13 of these occlusions.” 


Echo amplitude during reversible ischaemia 


a 


Table8 Mean (SD) cyclic variation in echo amplitude and cyclic variation index 





during angioplasty a 
p Value 
Pre-inflation Peak inflation Postinflation for all paired 
(dB) (dB) (dB) groups ( Bomiferoni) 
Cyclic variation in echo ampitude 
Basal septum 2:4 (1-1) 1-9 (1-0) 2-4 (1-1) p < 0-005 
Mid-septum 2:5 (1-1) 0-4 (0-9)* 2:5 (1:2) p < 0-005 
Basal PW 3-3 (2-1) 2°9 6) 3-0 (1: p < 0:005 
Mid-PW 3-9 (1-6) 2:8 (2:5) 35 (2-0) p < 0-005 
Cyclic variation index 
Basal septum 0:32 (0-09) 0-25 (0°14) 0-33 (0-11) p<00!1 
Mid-septum 0-30 ‘143 0-03 (0-09)* 0°31 (0-10) p < 0-01 
Basal PW 0 39 (0-14 0-35 (0°12) 0-40 (0°13) p< 001 
Mid-PW 0-42 (0:11) 0°30 (0-21) 0-40 (0:18) p < 0-01 


*p < 0-0001 (ANOVA) for all four groups, comparing the mid-septum with other regions. Basal 
PW, basal posterior wall, Mid-PW, mid-posterior wall. 
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Wall thickening abnormalities began within 
20's. of balloon inflation in all 13 cases and 
returned to pre-occlusion levels within 20 s of 
balloon deflation. Visser et al documented 
similar wall motion abnormalities developing 
in 15 patients during 49 balloon inflations at a 
mean of 8 (3)s after balloon inflation.‘ 
Wall motion returned to baseline in all patients 
19 (8)s after balloon deflation. Again 
Wohlgelernter et al reported 14 patients each 
undergoing angioplasty of an isolated left 
anterior descending stenosis who all developed 
severe hypokinesia (29%) or akinesia (71%) of 
the septal and apical region of the left ventricle 
by balloon inflation lasting 60 s. Recovery to 
pre-occlusion values began within 15 (5)s 
(range 6 to 22) and was complete in all patients 
by 70 s after inflation with a mean time to full 
recovery of 43 (17) s. Evidence that ischaemia 
is the cause of the wall motion abnormalities 
recorded echocardiographically was provided 
by techniques to improve myocardial perfusion 
distal to the occluding angioplasty balloon. 
Timmis et al infused arterial blood through the 
angioplasty catheter into the distal coronary 
artery in 10 patients during 60s balloon 
occlusions. These inflations were compared 


Post 


Pre beak 





Mid-saptum Basal septum 


Mean (SD) cyclic variation mdex during coronary angioplasty. During balloon inflation 
in the left anterior descending artery there was a significant fall in echo amplitude cyclic 


variation tndex in the mid-septal region only. After balloon deflation and t 


return of 


systolic myocardial thickening, cyclic variation index was restored to pre-inflation 
values. *p, <0-01; PW, posterior wall. 
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with control occlusions with either no distal 
infusion or distal infusion’ with Hartman’s 
solution. All dilatations without blood infusion 
in the 10 patients produced regional wall 
motion abnormalities within 16:0 (3:2) s. By 
contrast only one dilatation with distal blood 
infusion produced wall motion abnormalities. 
Infusion with Hartman’s was not helpful in 
limiting wall motion abnormalities suggesting 
that oxygen delivery via arterial blood, rather 
than wash out of metabolites, was responsible 
for the benefit. Jaffe ez al studied 42 
patients undergoing coronary angioplasty 
using distal transcatheter coronary perfusion 
with oxygenated Fluosol DA (20% emulsion), 
a perfluorocarbon oxygen transport fluid.” 
‘They found a dramatic fall in left ventricular 
regional wall motion abnormality during per- 
fusion with oxygenated Fluosol DA compared 
with controls. It seems that the development of 
regional wall motion abnormalities during 
coronary angioplasty not only reflects myo- 
cardial ischaemia but is also a sensitive and 
early marker of it. The development of regional 
wall motion abnormalities during coronary 
angioplasty in this study seem to reflect 
underlying myocardial ischaemia in the 
territory supplied by the left anterior descend- 
ing coronary artery. 


CYCLIC VARIATION IN REGIONAL 
BACKSCATTERED ULTRASOUND 
In 1983 and 1984, Madaras et al and Barzilai et 
al first reported cyclic variation in backscattered 
myocardial ultrasound.77” They analysed 
myocardial integrated backscatter as a measure 
of backscattered ultrasound and examined this 
in a dog model after occlusion of the left 
anterior descending artery. Cyclic variation in 
integrated backscatter was significantly blunted 
in ischaemic areas of myocardium. These areas 
were previously delineated at open thora- 
cotomy during brief coronary occlusion. The 
effects of reperfusion were not studied in this 
model. In a later study using a similar open 
chest dog model, cyclic variation in integrated 
backscatter was examined 10 min after 
coronary occlusion and after two hours of 
reperfusion. Cyclic variation at the left 
ventricular apex in the four dogs studied was 
5-6 (1-4) dB at baseline and fell to 0-4 (1:5) dB 
after 10 min of occlusion (p < 0-02). After two 
hours of reperfusion, values were not signifi- 
cantly different from baseline at 3-9 (1-2) dB. 
Cross sectional echocardiographic apical four 
chamber views of the apex showed dyskinesis 
and loss of systolic thickening after 10 min of 
occlusion. ‘This was substantially but not 
completely restored to baseline values after two 
hours of reperfusion. Corresponding values for 
systolic wall thickening at the apex were; 
baseline, 63-4 (17-7)%; 10 min occlusion, 2-2 
(11:5)% (p < 0-001); two hours reperfusion, 
52-9 (26-8)% CNS). Similar effects of ischaemia 
on cyclic variation of backscattered ultrasound 
from dog myocardium after coronary artery 
occlusion have been found by several other 
workers.” 7” 

Cyclic variation in backscattered myocardial 
ultrasound has also been found in humans. 
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This has been shown by integrated back- 
scatter,” grey scale echo amplitude,” and 
colour encoded echo amplitude.’ The effect of 
ischaemia on cyclic variation in backscattered 
ultrasound in humans is limited. Milunski et al 
studied 21 patients in a cardiac care unit within 
the first 24 hours after the onset of symptoms 
suggestive of acute myocardial infarction.” 
Areas of ischaemic injury were identified by 
cross sectional echocardiography and electro- 
cardiography. Cyclic variation of integrated 
backscatter was measured in these areas 
and normal control areas of myocardium. 
Thrombolytic therapy was given to 17 patients. 
Cyclic variation in normal regions was 4-8 (0-5) 
dB compared with 0-8 (0-3) dB (p < 0-05) in 
regions with infarction. In the 15 patients who 
were serially studied and “also underwent 
coronary angiography to define vessel patency, 
10 had patent infarct related coronary arteries. 
In these patients the magnitude of cyclic varia- 
tion increased with timé (1-3 (0-6) dB to 2-5 
(0-5) dB, p < 0-05) where in those with 
occluded infarct related vessels no significant 
recovery was seen (0:3 (0-3) dB to 0-6 (0-3) dB, 
NS). It was concluded that the restoration of 
cyclic variation in the patent vessel group 
represented the beneficial effect of reperfusion. 
Significantly the improvement in cyclic varia- 
tion shown in this group was not accompanied 
by a noticeable improvement in wall motion. 
It is probably incorrect, however, to com- 
pare the brief periods of coronary occlusion 
during clinical angioplasty with the prolonged 
periods of coronary occlusion in the study of 
Milunski et al,” and.the animal studies already 
mentioned in which corohary occlusion times 
greater than five min were used. Many inves- 
tigators have shown that although partial 
recovery of myocardial contractile function 
after brief ischaemia occurs promptly, 
complete recovery may require longer periods 
of reperfusion.” With more prolonged 
periods of myocardial ischaemia (>5 min) it is 
likely that structural changes are occurring. 
Myofibril stretching after similar periods of 
ischaemia are well described™ as are other 
ultrastructural changes.” Zhao et al found 
disruption of the collagen matrix of dog 
myocardium with accompanying persistent 
myocardial dysfunction, after 12 sequential five 
min occlusions of the left anterior descending 
coronary artery.” This was unaccompanied by 
irreversible cellular damage. Therefore it is not 
surprising that cyclic variation may not be fully 
restored after several hours of reperfusion if 
ischaeiia is prolonged more than a few 
minutes with resultant damage to cellular and 
extracellular. structures. This contrasts with 
the-rapid-recovery of:both myocardial systolic 
function and cyclic variation in echo amplitude 
that occurred with coronary reperfusion, after 
balloon deflation during angioplasty, which this 
study documents. 
_ One other study, by Hajduczki et af’ has 
documented changes in backscattered ultra- 
sound during coronary angioplasty in humans. 
They examined patients during left anterior 
descending coronary angioplasty and showed a 
substantial change in cyclic variation of: back- 
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scatter during balloon inflation. Backscatter fell 
from 8-6 (3:3) units pre-inflation to 3-2 (1-7) 
units at peak inflation (p < 0-001). They did 
not comment on whether this reversed after 
balloon deflation. They also noted an increase in 
cyclic variation of backscatter in areas of myo- 
cardium that were identified as hyperkinetic 
during balloon inflation. In our study the 
grouped data did not show a significant increase 
in cyclic variation of backscattered ultrasound 
in either basal segments of the left ventricle 
(where hyperkinesis would be most likely to 
occur) during balloon inflation, although 
increases in cyclic variation index of >10% 
were noted in both areas during two of the 11 
inflations (tables 4, 6). 

There are several explanations for the 
changes in cyclic variation that occur in 
association with myocardial ischaemia. 
Wickline et al have suggested a mechanism to 
explain cyclic variation in backscattered 
myocardial ultrasound (in their case integrated 
backscatter). They suggested a relation 
between cyclic variation in integrated back- 
scatter and myocardial contractile function 
which reflects cyclic alterations in myofibrillar 
elastic parameters, with the juxtaposition of 
intracellular and extracellular elastic elements 
that have different intrinsic acoustic 
impedances providing an appropriately sized 
scattering interface at the cellular level. 
Because acoustic impedance mismatch is 
partially determined by elastic modulus, 
changes in local elastic moduli which result 
from myocardial elastic elements not obeying 
Hook’s law as they are stretched, may alter the 
degree of impedance mismatch. With a simple 
Maxwell type muscle model to depict cardiac 
cell mechanical behaviour, a model employing 
an extracellular parallel elastic element and 
intracellular series elastic and contractile 
elements can be constructed. This model 
predicts the decrease in backscattered 
ultrasound found during systole. Cardiac cycle 
dependent alterations in the degree of local 
acoustic impedance mismatch may therefore 
elicit concomitant changes in backscattered 
ultrasound. More recently Rijsterborgh et al 
confirmed in animal studies that the higher 
systolic backscatter seen during ischaemia 
could be explained by the decrease in wall 
thickness that occurs with ischaemia and not by 
the ischaemia itself, in keeping with the 
influence of myocardial contraction on cyclic 
variation.” Other possibilities include altera- 
tions in the relative insonifying angle due to 
changing fibre angle and shape during the 
cardiac cycle as it is known that both reflection 
and attenuation of ultrasound alter according 
to the direction of fibre insonification.” 
Whatever the exact basis of cyclic variation in 
backscattered ultrasound, there is no doubt an 
important relation with contractile events 
occuring within the myocardium at either a 
cellular or fibre level. As myocardial ischaemia 
occurs these contractile events are disrupted 
and cyclic variation as a result is blunted. 
Changes in myocardial blood flow during 
coronary occlusion must also be considered as a 
cause of the blunting of cyclic variation in 
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backscattered ultrasound, as changes in red 
blood cell concentration have been shown to 
noticeably affect overall levels (as distinct from 
cyclic variation) of backscattered ultrasound in 
experimental models.*!* Wickline et al, 
however, in a series of experiments on perfused 
and non-perfused dog hearts that were 
cyclically distended and relaxed by an 
intracavitary ventricular balloon, showed that 
myocardial perfusion with whole blood did not 
contribute significantly to the phenomenon of 
cyclic variation in backscattered ultrasound.” 
Importantly, in this study there was an increase 
in end diastolic echo amplitude in the mid- 
septum during balloon inflation from 8-4 (2:2) 
dB to 9-7 (2-1) dB that is significant (p < 0-05) 
if the mid-septum alone is considered. This 
would be consistent with a fall in concentration 
of formed blood elements in the myocardium 
during coronary occlusion.” 


Conclusion 

It is likely that balloon coronary occlusion 
during angioplasty results in reversible 
myocardial ischaemia which produces a 
reversible blunting of cardiac cycle dependent 
backscattered ultrasound after temporary con- 
tractile dysfunction induced by ischaemia. The 
results of this study are consistent with this 
hypothesis and provide further data on the 
ability of techniques involved in the 
quantitative study of backscattered ultrasound 
to clarify alterations in the myocardium during 


injury. 
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Fagarine 

In 1932 G Stuckert was the first to isolate a new 
alkaloid, fagarine, from the Argentinian plant 
Fagara coco (Rutaceae); and with A Sartori he 
showed that it had a depressant action on the 
myocardium of rabbits. Further work at the 
University of Cordoba by Moisset de Espanés 
and others showed that fagarine raised the 
threshold for atrial and ventricular fibrillation 
in response to faradic stimulation, and that it 
decreased the incidence of ventricular fibrilla- 
tion after coronary ligation in dogs. In all 
these experiments it was more effective than 
quinidine. Then A Taquini tried its effect in six 
patients with atrial flutter or fibrillation who 
were resistant to quinidine. In all of them 
intramuscular fagarine restored sinus rhythm 
within 30 minutes (Science 1945;102:69—70). 
In 1948 David Scherf showed that fagarine 
reliably reverted atrial fibrillation induced by 
aconitine in dogs (Proceedings of the Soctety for 
Experimental Biology and Medicine 1948367: 
59-60). 

The genus Fagara has been merged with 
Zanthoxylum and the name of the original F 
coco (Gill.) Engl. is now Z coco Gill ex Hook 
and Arn. The illustration is of a closely related 
species. The South African plant Z capensis, a 
“fever tree”, is used medicinally. 

The family Rutaceae is widespread, 
especially in the tropics, and it includes 
Pilocarpus microphyllus, the source of pilo- 
carpine. Citrus. fruits belong to this family. 
Rutaceae is the fourth family of plants 
described in Plants in Cardiology with anti- 
arrhythmic properties—quinidine, procaine, 
and lignocaine all being derived from other 
families. It would be interesting to know 
whether fagarine is still under investigation. 
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Symptomatic and silent myocardial ischaemia in 
hypertensive patients with left ventricular 


hypertrophy 


Stuart D Pringle, Francis G Dunn, Ann C Tweddel, William Martin, 
Peter W Macfarlane, James H McKillop, A Ross Lorimer, Stuart M Cobbe 


Abstract 

Objective—To assess the prevalence of 
symptomatic and silent myocardial 
ischaemia in patients with hypertensive 
left ventricular hypertrophy. 

Design—Cross sectional study. 

Setting—University department of 
medical cardiology. 

Patients—90 patients (68 men and 22 
women; mean age 57 (range 25 to 79)) with 
left ventricular hypertrophy due to essen- 
tial hypertension. 

Interventions—48 hour ambulatory ST 
segment monitoring (all patients), exer- 
cise electrocardiography (n = 79), stress 
thallium scintigraphy (n = 80), coronary 
arteriography (n = 35). 

Results—43 patients had at least one 
episode of ST segment depression on 
ambulatory electrocardiographic mon- 
itoring. The median number of episodes 
was 16 (range 1 to 84) with a median 
duration of 8°6 (range 2 to 17) min. Over 
90% of these episodes were clinically 
silent. 26 patients had positive exercise 
electrocardiography and 48 patients had 
reversible thallium perfusion defects 
despite chest pain during exercise in only 
five patients. 18 of the 35 patients who had 
coronary arteriography had important 
coronary artery disease. Seven of these 
patients gave no history of chest pain. 

Conclusions—Symptomatic and silent 
myocardial ischaemia are common in 
hypertensive patients with left ven- 
tricular hypertrophy, even in the absence 
of epicardial coronary artery disease. 


There is now considerable epidemiological 
evidence that hypertensive patients with left 
ventricular hypertrophy are at increased risk of 
all manifestations of coronary heart disease. 
Myocardial infarction and stable and unstable 
angina are all more common in these patients. 
This relation persists even after correction for 
the contribution of hypertension and other risk 
factors for atherosclerosis.?* The presence of 
electrocardiographic left ventricular hyper- 
trophy carries a prognosis similar to that of 
electrocardiographic evidence of a previous 
myocardial infarction.** 

Despite the large number of epidemiological 
studies there are few data on the objective 
assessment of myocardial ischaemia in 
individual patients with hypertensive left ven- 
tricular hypertrophy. We have shown 


previously that patients with hypertensive left 
ventricular hypertrophy may have thallium 
perfusion abnormalities or coronary artery dis- 
ease and yet be symptom free. Because chest 
pain was an exclusion criterion for the previous 
study, however, the patients were not represen- 
tative of all patients with hypertensive left 
ventricular hypertrophy. We therefore con- 
ducted the present study to assess prevalence of 
symptomatic and asymptomatic myocardial 
ischaemia in hypertensive patients with left 
ventricular hypertrophy attending a hospital 
based hypertension clinic and to determine the 
best non-invasive method to identify prognos- 
tically important coronary artery disease in 
these patients. 


Patients and methods 

We recruited 90 consecutive patients (68 men) 
(mean age 57 (range 25 to 79) years) who agreed 
to be in the study and fulfilled the following 
criteria: 

(a) they had essential hypertension—secondary 
hypertension was excluded by clinical evalua- 
tion, routine biochemical screening, chest x 
ray, and, where indicated, intravenous 
pyelography. 

(b) they had the electrocardiographic pattern of 
left ventricular hypertrophy and strain. 

The study was approved by the ethics com- 
mittee of Glasgow Royal Infirmary. The 
patients provided written informed consent for 
the invasive procedures and verbal consent for 
the non-invasive investigations. 


ELECTROCARDIOGRAPHY 

Twelve lead electrocardiograms were recorded 
with the Glasgow CARE (computer assisted 
reporting of electrocardiograms) system.’ For 
the purposes of this study left ventricular 
hypertrophy and strain were defined as ST 
segment depression and T wave inversion of 
0-1 mV or more in I, aVL, V5, or V6 in the 
presence of voltage criteria (SV1 + RV5 > 3:5 
mV) for left ventricular hypertrophy. 


ECHOCARDIOGRAPHY 

We assessed the degree of left ventricular 
hypertrophy by echocardiography performed 
with an Advanced Technology Laboratories 
Ultramark 8 mechanical scanner with a 3 MHz 
transducer. Left ventricular mass was cal- 
culated by an anatomically validated method.’ 


EXERCISE ELECTROCARDIOGRAPHY 
The patients exercised on a Tunturi bicycle 
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ergometer. The workload was increased by 50 
W every 3 minutes up to a symptom limited 
maximum. At the end of each stage and at 
maximum exercise blood pressure was 
measured by cuff sphygmomanometer, a 
simultaneous 12 lead electrocardiogram was 
recorded, and the heart rate was estimated from 
the RR interval. We calculated the maximal 
oxygen uptake from the maximum load during 
the final stage of exercise using nomograms 
from normal subjects’ and patients with car- 
diovascular disease." The double product was 
calculated from the product of systolic pressure 
at peak exercise and maximal heart rate. 

The exercise electrocardiograms were recor- 
ded at a paper speed of 25 mm/s on a Siemens- 
Elema Mingocard 3. ST segment depression 
was defined as horizontal or down sloping ST 
segment depression of 0-ImV or greater at 80 
ms after the J point." In view of the high rate of 
electrocardiographic false positives in patients 
with resting ST-T wave changes” we only 
considered additional ST segment depression 
of 0-2 mV or more compared with the resting 
depression as significant in patients with left 
ventricular hypertrophy and strain.” The 
number of leads showing significant ST seg- 


ment depression was also counted. In patients. 


with abnormal resting electrocardiograms 
another method which may be useful is the 
measurement of changes in R wave amplitude 
during exercise.'? The amplitudes of the R 
waves of five consecutive complexes at rest and 
peak exercise were therefore measured, with an 
abnormal R wave response defined as one in 
which there was no change or an increase in the 
amplitude with exercise.’ 


AMBULATORY ST SEGMENT MONITORING 
Ambulatory electrocardiograms were recorded 
for 48 hours with a Medilog II FM recorder 
and analysed by an experienced technician 
using a computer assisted technique.” Two 
leads were recorded, CM5 on channel | and a 
V2 type lead on channel 2. The ST segment 
shifts were measured at 80 ms after the J point. 
Significant ST depression was defined as 
horizontal or downsloping ST depression of 
greater than 0-1 mV that persisted for more 
than one minute.’ In our study, the resting 
ST-T wave changes of all patients (with left 
ventricular hypertrophy and strain) meant that 
channel 1 (CM5) would not appear abnormal 
under normal circumstances. Therefore the 
criteria were modified so that a positive result 
was recorded only if there was additional ST 
depression of more than 0:2 mV compared with 
the resting changes. In the system used, the 
computer analysis provides a minute by minute 
trend of the ST segment shifts and this was 
scanned manually for periods of ST segment 
depression fulfilling the criteria. An episode 
was counted only if ST segment depression was 
detected by review of these trends and confir- 
med on hardcopy printout. The total duration 
of ST segment depression was calculated to the 
nearest minute from the computer summary. 


STRESS THALLIUM SCINTIGRAPHY 

Thallium-201 chloride (80 MBq) was injected 
at peak exercise via an indwelling antecubital 
cannula 30 to 60 s before the end of symptom 
limited maximal exercise. Images were 
acquired in list mode for 300 s for each 
projection and electrocardiographically gated. 
Data were acquired in the anterior, 45° left 
anterior oblique and 75° left anterior oblique 
projections by a mobile gamma camera (Gen- 
eral Electric) fitted with a high sensitivity 
collimator interfaced to a dedicated computer. 
The images were then put into an eight frames 
per cycle gated study format representative of 
the cardiac cycle. Beats deviating by 20% or 
more of the mean RR interval were excluded. 
Redistribution tmages were obtained four 
hours later in the same fashion. 

The studies were analysed by visual inspec- 
tion of the gated study by two experienced 
observers. The ventricle was divided into five 
segments in each projection. A perfusion defect 
was deemed to be present if the predominant 
colour in that segment was reduced by at least 
two of the 16 colour levels. A reversible per- 
fusion defect was defined as one that showed 
partial or complete resolution on the redis- 
tribution images compared with the post-stress 
images.” Images that did not change sig- 
nificantly were classified as fixed defects. 


REPRODUCIBILITY OF INTERPRETATION OF 
THALLIUM SCINTIGRAPHY 

‘The intraobserver and interobserver variability 
was assessed for 50 of the thallium scans. The 
images were reviewed independently by two 
observers (SP and WM). Each observer com- 
pleted a pre-printed report form representing . 
the six images from each patient (three 
immediately after exercise and three redis- 
tribution images). After completion of the 
reports the number of regions in which there 
was a disagreement was compared firstly bet- 
ween the observers and secondly between the 
same observer on two different occasions. 

In total there were 1500 regions in these 50 
patients and a disagreement in perfusion was 
present in 33 regions between observers and 
in 37 between the first and second review of 
the same scan. Thus the interobserver repro- 
ducibility was 97:8% and intraobserver 
reproducibility was 97-5%,. 


CORONARY ARTERIOGRAPHY 
We considered the desirability of coronary 
arteriography for each patient bearing in mind 
their age, general health, and coexistent 
medical problems. Sixty two patients were 
considered suitable and 35 agreed to undergo 
coronary arteriography. The remaining 27 
patients declined mainly because of a reluc- 
tance to be admitted to hospital rather than 
anxiety about the procedure. There was no 
conscious bias towards recruiting patients with 
chest pain for coronary arteriography. Indeed 
the patients who did not have invasive invesiga- 
tions tended to be older and therefore might 
have been expected to have more coronery 
artery disease. 

The femoral artery was cannulated by the 
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Table 1 Clinical characteristics of the patients 





Age (y) 57 (range 25 to 79) 
Sex (menswomen) a 
2 


Previous MI 5 
SBP (mm Hg) 155 28) 
DBP (mm Hg) 89 15) 
Duration of HT (y) 7-4 (8-0) 
LVMI (g/m) 196-4 (50-5) 
Drug therapy: 
Thiazides (No (%)) 34 E 
B Blockers (No (%)) 38 (42 
Ca antag (No (%)) 40 (44) 
ACE I (No (%)) 23 (25) 
Mean No of drugs 2:51 (1-4) 


MI, myocardial infarction; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; HT, hypertension; LVMI, left 
ventricular mass index; Ca antag, calcium antagonists; ACE I, 
angiotensin converting enzyme inhibitors. 

Results are expressed as mean (SD) unleas otherwise stated. 


Table 2 Exercise electrocardiography (n = 79) 


No totth 

Result n chest pain 
Additional ST segment depression 

(>0-2 mV) 26 5 
Increased number of leads showing 

ST segment depression 14 2 
Abnormal R wave response 40 2 
Two positive criteria 21 3 
Three positive criteria 2 0 

induced ventricular 

ectopic beats 12 0 
Normalisation of ST segment 

depression 12 0 
No exercise induced ECG changes 22 0 


Seldinger technique under local anaesthetic 
and the coronary arteries were injected selec- 
tively. The films were analysed in detail by at 
least two observers. A vessel was defined as 
significantly diseased where luminal diameter 
was reduced by more than 50%. 


STATISTICAL ANALYSIS”? 

To compare the two groups of data we used a 
two sample t test if the data were normally 
distributed and a non-parametric Mann- 
Whitney U test when the distribution was 
skewed. Differences in the frequency of dis- 
crete variables between groups were assessed 
by the x° test with Yates’ correction for small 
numbers where appropriate. For all analyses 
p < 0-05 was considered significant. 


Results 

Twenty one of the 90 patients gave a history of 
angina (New York Heart Association (NYHA) 
Grade I in five, grade II in 10, and grade III in 
six (table 1) and a further 12 had atypical chest 
pain. Five patients had had a previous myocar- 
dial infarction. Eighty eight had a calculated 
left ventricular mass index above the 97th 
percentile. 


Table 3 Ambulatory ST segment monitoring 


Symptoms 
ST depression segment No of pattents Nil Chest pain Other* 
Nil 47 41 1 5 
Channel I 27 19 5 2 
Channel I 9 6 1 2 
Both channels 7 5 1 l 


"e 


*Other symptoms recorded were arm pain (one), breathlessnes (six), and palpitations (three). 
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EXERCISE ELECTROCARDIOGRAPHY 

Table 2 shows that of the 79 patients who 
underwent exercise electrocardiography 22 
had no exercise induced electrocardiographic 
changes. 


Positive exercise electrocardiography 

Twenty six patients had ST segment depres- 
sion of greater than 0-2 mV in addition to the 
depression at rest. Fourteen patients had an 
increased number of leads showing ST seg- 
ment depression and the R wave response was 
abnormal in 40 patients. Twenty one patients 
fulfilled two of these criteria and two patients 
fulfilled all three. 


Other electrocardtographic changes 

Twelve patients had complete normalisation of 
their ST segments, 19 had a reduction in the 
number of leads showing ST segment depres- 
sion, and 12 patients had exercise induced 
ventricular extrasystoles. 


Relation to symptoms 

The end point of exercise was chest pain in five 
patients, breathlessness in 11, leg fatigue in 42, 
and general fatigue in 21. 


AMBULATORY ELECTROCARDIOGRAPHY 

Table 3 shows that at the time of the monitor- 
ing period most patients had resting ST-T 
changes detectable on channel I. Only ST 
segment depression of greater than 0-2 mV in 
addition to the resting value was, therefore, 
considered significant. By contrast, no patients 
had a resting electrocardiogram that showed 
ST segment depression in channel II. 

Forty three patients had at least one episode 
of ST segment depression (as defined above) 
during the monitoring period. This was detec- 
ted on channel I in 27 patients, on channel IT in 
nine patients, and on both channels in seven 
patients. The median number of episodes was 
16 (range 1 to 84) with a median duration of 8-6 
(range 2 to 17) min. Fourteen of the 27 patients 
with ST segment depression in channel I had 
accentuation of the resting ST segment depres- 
sion. In the remaining 13 patients the pattern of 
ST segment depression changed. 


Relation to symptoms 

Eighteen patients recorded symptoms on the 
diary cards: chest pain was reported by eight, 
arm pain by one, breathlessness by six, and 
palpitation by three. In six of the patients who 
reported symptoms no abnormality was detec- 
ted on ambulatory monitoring. Episodes of ST 
segment depression corresponded to symp- 
toms in seven of the patients with chest pain, 
four with breathlessness, and one with palpita- 
tion. Over 90% of the episodes, however, were 
asymptomatic. 


THALLIUM PERFUSION SCINTIGRAPHY 

Perfusion defects 

Small apical defects were present in 73 out of 80 
patients and were presumably a reflection of the 
relative apical thinning” that is exaggerated in 
the presence of left ventricular hypertrophy. 
There were abnormalities of perfusion in 
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Table 4 Comparison of exercise haemodynamics and 
symptoms in patients with and without reversible: thalltum 
perfusion defects (mean (1 SD) ) 

Thallium perfusion defect 

Present Absent : 
Number 2 
Exercise duration (min) 39 (1-7) 4:6 (2:2) 
Peak heart rate (beats/min) 121 (23) 117 (28) 
Peak systolic BP (mm Hg) 19) GI 209 (30) 
Double product ; 

(mm Hg x beats/min x 10 238 (67) 248 (85) 
Max predicted MV0, (%) 70 (26) 79 (29) 
Chest pain (No) 5x 0 
Breathlessness (No) 8 3 





*p < 0-05. RPD, reversible perfusion defect; MVo,, myo- 
cardial oxygen consumption. 


Table 5 Comparison of major risk factors in patients 
with and without coronary artery disease (mean (1 SD) ) 


CAD NCA 

{n = 18} (a m 17) 
Age (y) 58 (64)*. 51i (8-9) 
Smokers (No) 13 16 
Duration of HBP (y) 7:0 (3-2) 6'2 (8-9) 
SBP (mm H 158 A 154 20} 
DBP (mm Hg) 90 (16) 94 (20 
Total cholesterol (mmol/l) 65 (1-1 5.9 (1-4) 
LDL cholesterol (mmol/}) 44 (0-9) 37 (1-4) 
HDL cholesterol (mmol/l) 12 (0-4) 1-3 (0-5) 





*p < 0-05. CAD, coronary artery disease; NCA, normal 
corenary arteries, 


regions other than the apex in 64 patients. 
These perfusion defects were fixed in 16 and 
reversible in 48 patients. 


Relation to symptoms 

Exercise capacity in general was poor. The end 
point of exercise in those with reversible per- 
fusion defects was leg fatigue in 20, general 
fatigue in 15, breathlessness in eight, and chest 
pain in five patients. Table 4 shows that the 
exercise duration and haemodynamic function 
were similar in those with reversible perfusion 
defects and those without. 


CORONARY ANGIOGRAPHY 

Thirty five patients underwent coronary 
arteriography: 17 had normal coronary arteries 
and 18 had significant coronary artery disease. 
Of these, three had single, one had double, and 
14 had triple vessel disease. 


RELATION TO SYMPTOMS 
Of the 18 patients with coronary artery disease 


seven gave no history of chest pain (five with 
triple vessel disease and two with single vessel 
disease). Eight had mild (NYHA I or IT) angina 
and three had moderate (NYHA III) angina. 
Chest pain was also a complaint in five of the 
patients with normal coronary arteries, mild 


(NYHA IT) in four, and moderate (NYHA ITT) 


. In one. A complaint of breathlessness was 


equally common in the two groups (10 of those 
with coronary artery disease and eight of those 
with normal coronary arteries). 


COMPARISON OF PATIENTS WITH AND WITHOUT 
CORONARY ARTERY DISEASE 

Table 5 shows that the patients with coronary 
artery disease were older (mean (SD) 58 (6-4) v 
51 (8:9) years, 95% confidence interval 1 to 12 
years) but the blood pressure, serum choles- 
terol concentration, and smoking history were 
not significantly different. The duration of 
exercise and haemodynamics were also similar 
in the two groups. 


Usefulness of the non-invasive investigations 
Table 6 gives the results of the non-invasive 
investigations for the 35 patients who had 
coronary arteriography and their sensitivity, 
specificity, positive predictive accuracy, 
negative predictive accuracy, and overall 
predictive accuracy. 


Discussion 

The similarity in the clinical course of patients 
with previous myocardial infarction and those 
with left ventricular hypertrophy and strain in 
the Framingham study has led to the sugges- 
tion that the electrocardiographic pattern 
typical of these conditions signified the onset of 
coronary artery disease.‘ As only half of the 
patients in our study who had coronary 
arteriography had coronary artery disease, 
however, this cannot be the only explanation 
for the electrocardiographic finding. The 
absence of obstruction to the epicardial coron- 
ary arteries does not of course exclude myocar- 
dial ischaemia. In patients with left ventricular 
hypertrophy and normal coronary arteries, 
typical angina” and objective signs of 
myocardial ischaemia”™ are well recognised. 
In the present study chest pain and non- 
invasive indicators of myocardial ischaemia 


Table6 Accuracy of the non-invasive trvestigations in predicting the presence of coronary artery disease (figures 


based on the 35 patients who had coronary arteriography ) 


Sens (%) ` Spec (%) PPA (%) NPA (%) OPA (%) 

Thallium scintigraphy: 

RPD 88-9 52-9 66-6 81-8 71-4 
Exercise ECG: 

ST segment depression 50 70-6 64-3 57-1 60 

Leads (No) 33-3 100 100 58-6 65:7 

R wave 44:4 29-4 40-0 33-3 37-1 
Two criteria 38-9 765 63-6 54-2 57:1 
Three criteria {1-1 100 100 51-5 54-3 
Ambulatory ECG: 

Channel I 33:3 64-7 50 47-8 48-6 

Channel IT 11-1 70-6 28-6 42:9 40 

Both 5-6 76-5 20-0 43-3 40 





Sens, sensitivity; Spec, specificity; ie positive predictive accuracy; NPA, negative predictive accuracy; OPA, overall predictive 
fect. 


accuracy; RPD, reversible perfusion de 
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were present in five patients with left ven- 
tricular hypertrophy and normal coronary 
arteries. In total 43 patients had at least one 
episode of ambulatory ST segment depression 
consistent with myocardial ischaemia. As in a 
recent study of hypertensive patients with 
normal coronary arteries over 90% of these 
episodes were clinically silent.” 

There are several factors that may be respon- 
sible for myocardial ischaemia in hypertensive 
left ventricular hypertrophy. There is a trans- 
mural gradient of blood flow in left ventricular 
hypertrophy with reduced flow in the suben- 
docardial layers?” that is accentuated by pac- 
ing” and exercise.” Although total myocardial 
blood flow is increased in left ventricular 
hypertrophy, the flow per 100 g is significantly 
reduced” because of decreased coronary vas- 
cular reserve” and perhaps disease of the small 
vessels.” 

The ability of the coronary vasculature to 
maintain perfusion over a range of pressures 
may be altered by left ventricular hypertro- 
phy.” Because oxygen extraction is almost 
maxirnal in the coronary circulation there is no 
mechanism, as there is in the cerebral circula- 
tion, whereby the effects of lower perfusion 
pressures can be compensated for by an 
increase in oxygen extraction.” This may be 
important during sleep when diastolic blood 
pressure often falls by up to 25%.” Certainly if 
the blood pressure is reduced by treatment to 
below the theoretical autoregulatory range, 
decreased coronary flow” and myocardial 
ischaemia™ occur. Similar mechanisms have 
been proposed” as a possible explanation for 
the excess mortality found in some studies (but 
these are disputed by several workers) if treated 
diastolic blood pressure falls below 85-90 
mm Hg—the so-called J shaped mortality 
curve.” The results of the present study are 
compatible with these theories and they 
emphasise the importance of myocardial 
ischaemia in patients with hypertensive left 
ventricular hypertrophy even in the absence of 
epicardial coronary artery disease. 

Another important clinical question is how 
best to identify prognostically important 
coronary artery disease in hypertensive 
patients with left ventricular hypertrophy and 
strain. This is particularly relevant because 
most of the myocardial ischaemia in this study 
did not cause symptoms. Ambulatory monitor- 
ing of the ST segment has been shown to be 
useful in detecting symptomatic and silent 
myocardial ischaemia in patients with 
ischaemic heart disease. ” It is a reproducible 
technique® and may provide prognostic infor- 
mation.” In patients with left ventricular 
hypertrophy and strain, however, investiga- 
tions that rely on the electrocardiogram are 
difficult to interpret because of baseline elec- 
trocardiographic abnormalities. For example 
in this study nearly all the patients who had 
ambulatory electrocardiographic monitoring 
showed ST segment depression in channel I for 
most of the day. For this reason an arbitrary 
criterion of >0-2 mV additional ST segment 
depression over and above the baseline depres- 
sion was required before interpretation as a 
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positive result. Another potential problem with 

ambulatory ST monitoring is the frequency of 
ST segment shift in normal subjects.” It is 

likely that both these factors contributed to the. 
low positive predictive accuracy (28-6-50%) of 
the ambulatory electrocardiography in the 

present study. 

‘There were similar problems with the inter- 
pretation of the exercise electrocardiography. 
If conventional criteria! had been used vir- 
tually all patients would have had a positive 
test. The high rate of false positive results in 
patients with abnormal control electrocar- 
diograms is well known® and we therefore 
decided to consider a change significant if there 
were changes additional to the resting ST 
segment depression, in order to improve the 
specificity of the test.” Analysis of the R wave 
amplitude with exercise may also improve the 
accuracy of exercise electrocardiography in 
patients with resting ST-T changes” and this 
was therefore incorporated into this study 
along with a comparison of the number of leads 
showing ST segment depression before and 
after exercise. The use of all these criteria 
combined resulted in 100% specificity but this 
was at the expense of sensitivity as only two 
patients with coronary artery disease had a test 
that was positive for all criteria (11:1% sen- 
sitivity). When sensitivity was improved by 
using only ST (50%) or R wave (444%) 
criteria the specificity was reduced (70-6% and 
29-4% respectively). 

In our group of patients, thallium scintigra- 
phy was the most useful method for the iden- 
tification of coronary artery disease. The sen- 
sitivity was 88-9%, which is comparable with 
reported series of patients with ischaemic heart 
disease in our hospital!’ and elsewhere.“ The 
specificity of 52-9% was much less than for 
patients with ischaemic heart disease (89— 
97%).“ The discrepancy is presumably due to 
the presence of myocardial ischaemia despite 
normal coronary arteries. 

It is not possible from our results to deter- 
mine whether the “‘false”’ positive non-invasive 
tests are such or are actually correctly identify- 
ing areas of ischaemia caused by left ventricular 
hypertrophy even in the absence of coronary 
artery disease. Two studies published recently, 
however, accord with our own results suggest- 
ing that the non-invasive findings are caused by 
myocardial ischaemia in these patients.”* In 
terms of excluding epicardial coronary artery 
disease the negative predictive accuracy is 
perhaps the most useful criterion to assess the 
value of the test. Our results showing a negative 
predictive accuracy of 81:8% accord with those 
of Tubau et al who reported that over a 38 
month period of follow up the negative predic- 
tive value of thallium scintigraphy for the 
subsequent development of angina symptoms 
was 94%." 

In summary, our results have shown that not 
all patients with left ventricular hypertrophy 
and strain have obstructive coronary artery 
disease. Non-invasive indicators of myocardial 
ischaemia are common in patients with left 
ventricular hypertrophy and strain even in 
those without symptoms or coronary artery 
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disease. Symptoms of chest pain during exer- 
cise or during normal daily activities are poor 
indicators of the presence of myocardial 
ischaemia and much of this ischaemia is silent. 
Thallium perfusion scintigraphy is a useful 
investigation for the identification of coronary 
artery disease in these patients. 


One of us (SDP) was supported by a British Heart Foundation 
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Circulating endothelin in acute ischaemic 


syndromes 


Simon G Ray, John J.McMurray, James J Morton, Henry J Dargie 


Abstract 
Background—Endothelin is an ex- 
tremely potent vasoconstrictor that may 
have a role in the pathogenesis of acute 
myocardial ischaemia. Atrial natriuretic 
factor is an endogenous antagonist of 
endothelin. To find the pattern and possi- 
ble importance of circulating endothelin 
in ischaemic heart disease, concentra- 


tions in normal controls and those in 


patients with stable and unstable angina, 
acute myocardial infarction, and chronic 
cardiac failure were compared. The rela- 
tion between circulating concentrations 
of endothelin and atrial natriuretic factor 
in the aftermath of myocardial infarction 
was also examined. 

Methods—Eighteen patients with acute 
myocardial infarction, 10 with unstable 
angina, 10 with stable angina, 12 with 
chronic cardiac failure, and 10 normal 
controls were studied. Endothelin con- 
centration was measured in venous 
plasma ‘by radioimmunoassay. In 
patients with acute myocardial infarction 
simultaneous concentrations of endo- 
thelin and atrial natriuretic factor were 
measured on admission and at one, four, 
and 24 hours. 

Results—-Mean concentrations (SEM) 
of endothelin were 5:72 (0°19) fmol/ml in 
controls, 6°56 (0°48) fmol/ml in stable 
angina, 6°41 (0°48) fmol/ml in unstable 
angina, and 13°83 (0°95) fmol/ml in 
chronic cardiac failure. In acute myocar- 
dial infarction concentrations were 8°81 
(0°69) fmol/ml on admission, 11°85 (1-02) 
fmol/ml at one hour, 11:88 (1:10) fmol/ml 
at four hours, and 7°30 (0°49) fmol/ml at 24 
hours. Concentrations of atrial natri- 
uretic factor at the same times were 68-1 
(13-1) pg/ml, 8:4 (1-5) pg/ml, 24-4 (4:1) pg/ 
mil, and 42:0 (6°9) pg/ml. 

Conclusions——Plasma endothelin is 
raised in chronic heart failure and in the 
aftermath of acute myocardial infarction 
but not in stable or unstable angina. After 
myocardial infarction endothelin con- 
centrations are raised whereas concen- 
trations of atrial natriuretic factor are 
relatively low. The role of endothelin in 
the pathogenesis of acute myocardial 
infarction and its interactions with other 
humoral factors require further inves- 
tigation. 


The endothelins are a family of three isopep- 
tides that are extremely potent vasoconstrictors 


both in vivo and in vitro.'? The development of 
sensitive assays has allowed the measurement 
of the low concentrations of endothelin cir- 
culating in plasma, and raised concentrations 
have been shown in a number of conditions 
including renal failure, subarachnoid hae- 
morrhage,* and after major surgery,’ car- 
diogenic shock,° and acute myocardial infarc- 
tion.” Little is known about the release of 
endothelin in ischaemic heart disease although 
left ventricular dysfunction, damage to the 
endothelium, and activation of coagulation and 
platelets have been suggested as possible 
stimuli.’* Little is known, furthermore, of the 
relation between endothelin concentrations 
and those of other vasoactive hormones, par- 
ticularly atrial natriuretic factor, which 
antagonises the vasoconstrictive effects of 
endothelin.” 

To find the pattern and possible significance 
of circulating endothelin in ischaemic heart 
disease we compared concentrations in normal 
controls with those in patients with stable and 
unstable angina, acute myocardial infarction, 
and chronic cardiac failure. We also examined 
the relation between circulating concentrations 
of endothelin and atrial natriuretic factor in the 
aftermath of myocardial infarction. 


Patients and methods 

The study group consisted of 10 normal con- 
trols, 10 patients with unstable angina, 10 
patients with stable angina, 12 patients with 
established cardiac failure, and 18 patients with 
acute myocardial infarction. All patients with 
stable angina had a history of at least three 
months of exercise induced chest pain, a 
positive Bruce protocol exercise test and 
> 50% stenosis of at least one epicardial artery. 
Patients with unstable angina had pain at rest 
lasting for at least 10 minutes on two or more 
occasions accompanied by reversible elec- 
trocardiographic changes but no rise in cardiac 
enzymes. These patients were sampled within 
four hours of the last episode of pain. Patients 
with established cardiac failure were in New 
York Heart Association class (NYHAQC) ITI or 
IV (six with ischaemic cardiomyopathy and six 
with valvar heart disease). All patients with 
acute myocardial infarction were admitted 
within six hours of chest pain with at least 2 mm 
ST segment elevation in two or more con- 
tiguous electrocardiographic léads. All 
received 1-5 MU of streptokinase intraven- 
ously over 45 minutes. None had had a 
previous myocardial infarction and all were in 
Killip class 1. All patients gave informed 


P of 
endothelin (ET-1,2) in 
controls and patients with 
stable and unstable angina, 
acute myocardial 
infarction (AMI), and 
established cardiac failure. 
Values for infarct patients 
are those taken on 
admission. **p < 0-01, 
***D < 0-001 compared 


with controls. 
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consent and the study was approved by the 
hospital ethics committee. 

All blood samples were taken from an in- 
dwelling forearm venous canula after the 
patient had been resting in a semisupine posi- 
tion for at least 15 minutes. Blood was taken 
into chilled potassium EDTA tubes on ice and 
centrifuged at 3000 rpm for 10 minutes at 4°C 
within five minutes of venepuncture. Plasma 
was stored at — 70°C until assay. In patients 
with myocardial infarction, serial samples were 
taken on admission, and at one, four, and 24 
hours. 

Endothelin was assayed using a radioim- 
munoassay system (Amersham International, 
Endothelin-1, 2('*I) assay).’! The antibody 
used has 100% cross reactivity with endo- 
thelin-1, 204% with endothelin-2, 0:024% 
with endothelin-3, and 38% with big endoth- 
elin-1. The lower limit of detection is 0-5 fmol/ 
mJ (1 fmol/ml = 2-5 pg/ml). Atrial natriuretic 
factor was assayed using a minor modification 
of the method of Richards et al, normal range 
5-50 pg/ml (1 pg/ml = 0:32 pmol/l).” 

Results are expressed as the mean (SE). Data 
were analysed by paired or unpaired Student’s 
t tests with the Bonferroni correction for multi- 
ple comparisons as appropriate.” 


Results 

Figure 1 shows that mean concentrations of 
endothelin in patients with stable angina (6-56 
(0-71) fmol/ml) and unstable angina (6-41 
(0-48) fmol/ml) did not differ from normal 
(5-72 (0-19) fmol/ml). Mean concentration in 
patients with cardiac failure (13-83 (0-95) fmol/ 
ml) was significantly higher than in the controls 


Table Individual plasma endothelin concentrations (fmol/ml) in patients with 


myocardial infarction 
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(p < 0-001). The table shows that for patients 
with acute myocardial infarction endothelin 
concentrations were highest at four hours and 
differed significantly from normal on admis- 
sion (p < 0-01), at one hour (p < 0-01), and at 
four hours (p < 0-01). The peak concentration 
of endothelin did not correlate with maximal 
creatine kinase activity. 

Concentrations of atrial natriuretic factor 
were raised on admission but declined abruptly 
at one hour, remaining below admission values 
at 24 hours. In 11 patients with acute myo- 
cardial infarction who had simultaneous 
measurements of both peptides, the fall in 
concentrations of atrial natriuretic factor co- 
incided with the rise in endothelin (fig 2). 


Discussion 

This study shows that plasma endothelin con- 
centrations are raised in the acute phase of 
myocardial infarction. Salminen et al found a 
similar pattern of endothelin concentrations in 
the immediate post infarction period with con- 
centrations peaking at one to four hours and 
then declining.’ Even at 72 hours, however, 
concentrations were above those in normal 
controls. Two other groups have described 
sustained rises in endothelin concentrations for 
at least three, days’ after infarction though in 
both cases the highest concentrations were 
found on admission.’ ê This prolonged increase 
may be accounted for by the inclusion of 
patients with more severe degrees of left ven- 
tricular failure than in the present study. 

The exact role of endothelin in the patho- 
genesis of myocardial infarction remains 
undefined. It is undoubtedly an extremely 
potent vasoconstrictor of both coronary and 
systemic vessels. This effect could initiate or 
aggravate acute myocardial ischaemia. 
Whether circulating concentrations of endo- 
thelin in humans reach those sufficient to 
induce vasoconstriction is uncertain. Infusion 
of endothelin-1 in humans produces a sig- 
nificant rise in blood pressure at plasma con- 
centrations seven times the preinfusion level 
and concentrations of 3 x 10°" mol/l to3 x 10° 
* mol/l contract human arteries in vitro." 
Plasma endothelin concentrations in our infar- 
ction patients did not approach these values. 
This does not rule out a role for endothelin in 
the pathophysiology of infarction. The primary 
role of endothelin may be as an autacoid, acting 
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Figure 2 Simultaneous mean (SEM) concentrations af 
atrial natriuretic factor (ANF), and endothelin (ET- 
1,2) from admission (n = 11). *p < 0-05 compared 
with ission. The error bars for ANF at one hour are 
within the filled circle. 
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locally on vascular smooth muscle, with the 
circulating peptide resulting from spillover 
into the vascular lumen."*'° If so, then locally 
released endothelin may have a profound effect 
on vascular tone despite subthreshold concen- 
trations in plasma. A role for endothelin in 
evolving myocardial infarction is strongly sup- 
ported by studies of coronary ligation in the rat. 
In this model myocardial endothelin content 
increases after infarction and the extent of 
ventricular damage is reduced by the use of 
endothelin antibodies.” 

Our finding of a negative correlation between 
concentrations of endothelin and atrial 
natriuretic factor deserves further comment. A 
number of authors including ourselves have 
previously described a fall in circulating atrial 
natriuretic factor in the immediate aftermath of 
myocardial infarction.” ® Superfusion of 
endothelin in atrial cell culture or infusion into 
intact animals leads to secretion of atrial 
natriuretic factor.” In turn atrial natriuretic 
factor both decreases the release of endothelin 
from cultured endothelial cells* and antagon- 
ises its vasoconstrictor effects,” thus closing a 
negative feedback loop and acting as a potential 
physiological antagonist. The effect of a small 
rise in circulating endothelin may be magnified 
by a simultaneous fall in atrial natriuretic 
factor. Endothelin also interacts synergistically 
to potentiate noradrenaline induced contrac- 
tions of coronary arteries and adrenaline 
increases endothelin release from cultured por- 
cine endothelial cells.” ? It is important that 
changes in endothelin concentrations are con- 
sidered in the light of other changes in the 
hormonal milieu that may potentiate its effects. 

Several factors may contribute to the 
increase of endothelin after acute myocardial 
infarction. Yasuda et al showed that concentra- 
tions of 8 thromboglobulin and thrombin- 
antithrombin III complex correlated with 
plasma endothelin concentration after infarc- 
tion.’ It is also known that thrombin increases 
endothelin production in cultured endothelial 
cells.” If activation of the clotting system were 
the primary cause of the rise in endothelin, 
higher concentrations would also have been 
expected in unstable angina, where platelets are 
activated and a thrombus forms within coron- 
ary arteries.~*’ This was not the case in the 
present study, and Stewart et al have recently 
described normal concentrations of endothelin 
in coronary sinus plasma from patients with 
unstable angina.” Similarly myocardial 
ischaemia and disruption of the coronary 
endothelium due to plaque rupture are unlikely 
to be principal causes as they too are common 
to both unstable angina and myocardial infarc- 
tion.” ? Endothelin concentrations are raised 
in other situations of acute stress, such as major 
surgery, and may reflect a non-specific res- 
ponse.” In keeping with this hypothesis Miyau- 
chi et al have shown that the human pre-proen- 
dothelin-1 gene contains sequences related to 
the acute phase reactant response.® 

Endothelin concentrations are known to rise 


on standing, presumably as a response to. 


hypotension.” Streptokinase induces hypoten- 
, sion in-a proportion of patients but this is 
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usually transient and whereas it is possible that 
it may have influenced endothelin levels at one 
hour it is unlikely to have a sustained effect.” 
To ensure a homogenous population of 
patients with acute myocardial infarction only 
streptokinase treated patients were included in 
this study. We are therefore unable to comment 
on the influence of thrombolysis itself on 
concentrations of endothelin or atrial 
natriuretic factor. Reduced renal clearance of 
endothelin probably accounted at least in part 
for the high values in the patients with estab- 
lished cardiac failure, though other factors such 
as widespread endothelial dysfunction of the 
peripheral circulation cannot be ruled out.” 
These mechanisms are unlikely to have been 
operative in our patients with myocardial in- 
farction, none of whom had clinically evident 
cardiac failure. 

The concentrations of plasma endothelin in 
our control group were similar to those repor- 
ted by Davenport et al using the same assay.” 
They are, however, considerably higher than 
those obtained by other assays,°* presumably 
as a result of differing cross reactivities of the 
antibodies used against the endothelin isopep- 
tides and to big endothelin. These differences 
must be borne in mind when comparing our 
results with those of other workers. 

We conclude that plasma concentrations of 
endothelin are raised within six hours of 
uncomplicated myocardial infarction. These 
values are probably not high enough to induce 
vasoconstriction alone but may do so in com- 
bination with other humoral factors. A number 
of mechanisms could contribute to this rise in 
endothelin but the exact cause remains uncer- 
tain. 


Dr S Ray was supported by the Bntish Heart Foundation. 
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Influence of age on the relation between heart rate 
variability, left ventricular ejection fraction, 
frequency of ventricular extrasystoles, and sudden 
death after myocardial infarction 


Olusola Odemuyiwa, Thomas G Farrell, Marek Malik, Yaver Bashir, Teri Millane, 
Tim Cripps, Jan Poloniecki, D Bennett, A John Camm 


Abstract 

Aims—To examine the influence of age 
on the prediction of sudden death after 
acute myocardial infarction based on 
heart rate variability (HRv), left ven- 
tricular ejection fraction (LVEF), and 
the frequency of ventricular extrasys- 
toles. 

Background—Autonomic and left ven- 
tricular function and the frequency of 
ventricular extrasystoles change with 
age but the influence of age on the predic- 
tion of sudden death from these vari- 
ables has not been examined. 

Methods—The 477 patients who had 
been through an early postinfarction risk 
stratification protocol and followed up 
for a mean of 790 days were dichoto- 
mised at 60 years of age. 

Results--Sudden deaths occurred with 
similar frequency in both age groups (12 
(4:7%) of the 256 patients aged <60 years 
and seven (3°2%) of the 221 older 
patients). Sudden death, however, 
accounted for 52% of all deaths in the 
young group but only 18:4% of all deaths 
in the older group (p < 0-01). An HRv 
index of <20 units combined with an 
average of more than 10 ventricular 
extrasystoles an hour on Holter monitor- 
ing (VE10) had a sensitivity. of 50%, a 
positive predictive accuracy of 33%, and 
a risk ratio of 18 in the young group 
(p < 0-001) but was not significantly 
predictive in older patients. The situa- 
tion was similar when the combination 
of an LVEF <40% with VE10 was con- 
sidered. This combination had a sen- 
sitivity of 44%, positive predictive 
accuracy of 36°4%, and a risk ratio of 16°1 
in young patients (p < 0-001), but was 
not significantly predictive in older 
patients. The combination of VE10 with 
either LVEF <40% or HRv <20 units 
gave a sensitivity. of 75%, positive predic- 
tive accuracy of 30%, and a risk ratio of 
30 in young patients (p-< 0-001), but the 


sudden death in older patients was not 
statistically significant. 

Concluston—tiIn postinfarction patients 
aged <60 sudden death was a more 
predominant mode of death and. was 


more reliably predicted from a depres- 
sed HRv index, an LVEF <40%, and 
VE10 than in older  postinfarction 
patients. These findings may have impor- 
tant implications for post-infarction risk 
stratification and management. 


Left ventricular dysfunction and frequent 
ventricular extrasystoles are associated with 
an increased risk of sudden death after 
myocardial infarction.” The clinical value of 
this relation, however, is still questioned 
partly because it is unclear how these varia- 
bles cause sudden death. The association be- 
tween autonomic dysfunction and ventricular 
fibrillation in animals’ has recently generated 
interest in the potential of autonomic function 
tests to predict and explain sudden death in 
postinfarction patients. Firstly, Kleiger er al‘ 
showed that depressed heart rate variability 
was associated with increased all cause mor- 
tality after myocardial infarction and La 
Rovere et al? and Farrell et alf subsequently 
showed a correlation between reduced baro- 
receptor sensitivity and an increased risk of 
sudden death and ventricular arrhythmias in 
postinfarction patients. 

There is a decline in autonomic function 
with age in both postinfarction patients and in 
healthy controls.’? Age is also a well recog- 
nised determinant of all cause mortality after 
myocardial infarction.'~!* But as autonomic 
function,’® ventricular systolic,” and diastolic 
function,’ and the prevalence of frequent 
ventricular extrasystoles’ all change with age, 
their value as predictors of sudden death may 
well change with age. We examined the prac- 
tical implications of this hypothesis by 
dichotomising 477 serial postinfarction 
patients at 60 years of age. 


Patients and methods 
PATIENTS | 
The study population consisted of 477 patients 


- under the age of 75 years admitted to our 
relation between this combination and ` 


institution with acute myocardial infarction. 
Acute myocardial infarction was diagnosed if 
two of three criteria were met: 

(a) Characteristic chest pain lasting 30 minutes. 
(b) A sequential rise and fall in plasma concen- 
trations of aspartate transaminase, $ hydroxy- 
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butyric dehydrogenase, or creatine kinase with 
a peak concentration at least twice the upper 
limit of the reference range of our laboratory. 
(c) Development of new pathological Q waves 
or persistent ST-T changes suggestive of non- 
Q wave infarction. 

Only patients admitted straight from home 
and who survived the acute phase of myocar- 
dial infarction were enrolled in the study and 
studied prospectively. 


EVALUATION 

As part of the risk stratification protocol, the 
patients’ historical and clinical data on admis- 
sion were recorded and following tests were 
performed between five and 11 days after 
infarction: 

(a) Ambulatory 24 hour electrocardiographic 
recordings with a Reynolds Tracker two chan- 
nel recorder (leads II and CM5). We used the 
Pathfinder 3 system, an operator-computer 
interactive device, for arrhythmia recognition 
and grading ventricular frequency. 

(6) Patients performed a symptom limited 
treadmill exercise test with the Bruce protocol 
just before discharge from hospital. Exercise- 
induced ST segment depression, angina, or 
ventricular tachycardia; a rise in systolic blood 
pressure of less than 30 mm Hg; or an inability 
to complete the first stage of the protocol were 
indications for predischarge left ventriculo- 
graphy and selective coronary angiography. 
Left ventricular ejection fraction (LVEF) was 
calculated from the ventricular silhouettes at 
end systole and end diastole in the right 
anterior oblique view by a digitising personal 
computer program (MAC angio computer 
package) based on the formula of Sandler and 
Dodge.” In those patients who did not undergo 
coronary angiography, radionuclide angio- 
grams were performed in the supine position 
and the LVEFs were calculated by the multiple 
gated method performed in the 45° left anterior 
oblique projection.” 


FOLLOW UP 

All patients were followed up in a special 
infarct clinic. Follow up visits were made three 
to four weeks after discharge from hospital, 
then at three months, and subsequently every 
year or more frequently . when clinically 


_ indicated. Treatment was at the discretion of 


Table 1 Clinical and historical characteristics and distribution of prognostic variables 


Past MI 
Anterior MI 
Non-Q wave MI 
Streptokinase 


Aspirin 
blockers on discharge 
cularisation 


Age (y (SEM)) 

v <20 (no (%)) 
HRv (mean (SEM)) 
LVEF < 40% (n(%)) 
LVEF (mean (SEM) 
VE10 (n(%)) 


Age < 60 (n = 256) Age >60 (n = 221) pValue 


Climeal and historical characteristics (n (% ) 


21 (8-2) 45 wre p < 0-001 
120 (46:9) 98 (44:3) 
103 (40-2) 75 (34:0) 
112 (43-8) 94 (42- 
119 (46-5) 109 (49-3 
110 (43-0) 58 (26-2) p < 0001 
66 (25-8) 39 (17-7) p < 0:05 
Distribution of prognostic variables 
51-1 (0°43) 66 (0-25) 
40 (17-9) 63 (32-3) p < 0-001 
28-8 (0:71) 24:8 (0-8) p < 0-0001 
51 (21-9) 62 (30-5) p < 0-05 
1-8 (0-9) 47-5 (1-1) p < 0-004 
38 (17-0) 55 (28-2) p < 0-01 





MI, myocardial infarction; HRV < 20, heart rate variability under <20 units; LVEF, left 
ventricular ejection fraction; VE10, ventricular extrasystoles of 10 or more per hour. 


the patient’s physician. $ Blockers and anti- 
arrhythmic therapy were not routinely pres- 
cribed. The main endpoint was sudden death, 
which was classified by OO and TF without 
knowledge of the risk stratification results. 
Sudden death was defined as death within an 
hour of the onset of new symptoms: it included 
instantaneous deaths, deaths during sleep, and 
unwitnessed death, provided these occurred 
within an hour of the patient last being seen.” 
It was confirmed by examination of the case 
records, by the results of necropsy when avail- 
able, and by interviewing the relatives or the 
general practitioner. 


ANALYSIS 

A heart rate variability index CHRv) was cal- 
culated by digitising the 24 hour electrocar- 
diographic recording off line and transferring it 
to a personal computer (IBM PC-AT). Each 
beat was then classed as normal or aberrant 
based on the matching pairs principle. An HRv 
was calculated for each patient.”” The 
frequency distribution of durations of normal 
to normal RR intervals was constructed. 
Measured values of HRv were then obtained in 
technical units by measuring the baseline width 
of the distribution curve. This method of 
triangular interpolation of the frequency dis- 
tribution of the normal to normal interval 
duration, which has been explained in more 
detail elsewhere,” * is not affected by low levels 
of noise and artefact, whereas the widely used 
methods based on the standard deviation of 
normal to normal interval durations require the 
long term electrocardiogram to be clear of 
artefacts.” 

To show the strength of associations we 
selected a LVEF cut off of 40%. Previous 
studies have shown a close association between 
a frequency of ventricular extrasystoles of >10 
per hour (VE10) and sudden death.'? A cut off 
point of 20 baseline width units was selected for 
the HRv because our previous study had shown 
that this value best distinguished patients with 
arrhythmic events from those without.” The 
population was divided at the age of 60 because 
this gave nearly the same number of patients 
and the same rates of sudden death in each 
group. 

The HRv was calculated in 418 patients; left 
ventricular angiography carried out in 436 
patients; and 409 patients had data for both. 
Predictive characteristics were calculated for 
the appropriate subtotals. 

The 7’ test with Yates’ correction and t tests 
was used to determine the significance of the 
differences between proportions and means 
respectively. A value of p < 0:05 was con- 
sidered to be significant. 


Results 

There were 343 (71-9%) men and 134 (28-:1%) 
women aged between 26 and 75 (mean (SD), 
57-6 (9-4) years. Of the 477 patients, 221 were 
60 or older and 256 were younger than 60. A 
higher proportion of older patients (20-4%) 
than younger patients (8:2%) had a history of 
previous infarction (p < 0-001) but more 
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Table 2 Relation between clinical variables and sudden 
death (n (sudden deaths) ) 








Age <60 Age 360 
Past MI 21 (3) ‘45 (1) 
Anterior MI 120 (4) 98 

Non-Q-wave MI 103 (6) 75 £3} 
Streptokinase 112 (2) 94 (2 

Killip >2 10 (0) 32 a 
failure 12 (1) 33 (2) 

blockers on discharge 110 (1) 58 (1) 

v < 20 units 40 (6) 63 (5) 
LVEF < 40% 51 (5) 62 (2) 
VE10 38 (6) 55 (2) 
HR > 80/min 202 (7) 168 (5) 





See footnote to table 1 for abbreviations. 


younger (43%), than older patients (26-2%) 
were discharged on 8 blockers (p < 0-01). 
Tables 1 and 2 show the other major historical 
and clinical characteristics. 


ALL CAUSE MORTALITY AND SUDDEN DEATH 
RATES 
The mean follow up period was 790 (range 
490-1412) days during which there were 61 
(12:8%) deaths, made up of 23 (9%) of the 256 
younger patients and 38 (17:2%) of the 221 
older patients (p < 0-02). There were 19 (4%) 
. sudden deaths, made up of 12 (4:7%) of 256 in 
the young group, and seven (3:2%) of the 221 
older patients (NS). Therefore, 12 (52%) of the 
23 deaths in the young group and seven 
(18-4%) of the 38 deaths in the older group 
were sudden (p < 0-01). 


TIMING OF SUDDEN DEATHS 

Sudden deaths in younger patients occurred 
between seven and 373 days after infarction; 
seven (58:3%) occurred within 30 days of 
infarction. The sudden deaths in older patients 
occurred between 18 and 439 days of infarction 
with three (42%) occurring within 30 days of 
infarction. 


Table 3 Relation of HRv and VE10 to sudden death 





n Sd sens ppa rr (95% CI) pValue 
All patients (n = 418), sudden deaths = 14 (33%) 
103 11 786 107 11:0 (3:21039:3)  <0-001 
93 8 57:0 86 47 (3-lto241) <0-01 
HRv < 20 + VE10 35 5 360 143 6:1 (2:2 to 17:3) <0-01 
Patients aged <60 (n = 223), sudden deaths = 8 (3:6%) 
40 6 750 15:0 13-7 (2:9 to 65-4 <0001 
38 6 75-0 158 15:4 S to 73-0 <0-001 
HRv < 20 + VE10 12 4 500 33:0 17:6 (5:0 tm 62-2 <0-001 
Patients aged 360 (n = 195), sudden deaths= 6 (3-1%) 
63 5 83-3 79 105 (1:30 88-2) <0-05 
10 55 2 33-0 3-6 2-6 (0-5 to 13-9) NS 
HRv < 20 + VEL10 23 1 16-7 4-3 1-4 (020115) NS 
’ Sd, sudden deaths; ppa, positive predictive accuracy; rr, risk ratio; gens, sensitivity. 
Table4 Relation of EF < 40 and VE10 to sudden death 
n Sd Sens ppa rr (95% CI) p Value 
All patients (n = 436), sudden deaths = 15 (3-4%) 
113 7 46:7 6:2 2-5 (1:0-6°8) NS 
LVEF < 40 + VE10 37 5 330 135 5-4 (20-14:3) <0-01 
Patients aged <60 (n = 233), sudden deaths = 9 (3-9%) 
51 5 55-6 9-8 45 (1-3-16-0) <0-05 
_ LVEF < 40 + VE10 11 4 44-4 364 16-1 (3-9-69-4) <0-001 
Patients aged 360 (n = 203), sudden deaths = 6 (2:9%) 
62 2 33:3 3:2 1-1 o 0) NS 
LVEF < 40 + VE10 26 l 16:7 3:8 1-4 (0-2-11-2) NS 


For abbreviations see footnotes to tables 1 and 3. 
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RELATION BETWEEN AN HRV INDEX < 20 UNITS 
AND SUDDEN DEATH 

An HRv index <20 units was found in 40 
(17:9%) of the young patients: six (15%) of 
these 40 compared with two (1%) of the 183 
patients with HRv >20 units died suddenly 
(p < 0-001). An HRv <20 units was found in 
63 (32-3%) of the older patients: five (7-9%) of 
these 63 compared with one (1%) of the 132 
older patients with HRv > 20 units died sud- 
denly (p < 0-05) (table 3). 


RELATION BETWEEN A LOW LVEF AND SUDDEN 
DEATH 

An LVEF <40% was found in 51 (21-:9%) of 
the 233 younger patients: five (10%) of these 51 
compared with four (2%) of the 182 patients 
with EF >40% died suddenly (p < 0:05). An 
EF <40% was found in 62 (30:5%) of the 203 
older patients: two (3:2%) of these 62 com- 
pared with four (2-8%) of the 141 patients with 
EF 240% died suddenly (NS) (table 4). 


RELATION BETWEEN VE10 AND SUDDEN DEATH 

Thirty eight (17%) of 223 young patients had 
VE 10: six (15:8%) of these 38 died suddenly 
compared with two (1%) of the remaining 185 
patients (p < 0-001). VEIO was found in 55 
(28:2%) of the older patients: two (3:6%) of 
these 55 patients and four (2:9%) of the 
remaining patients died suddenly (NS) (table 


3). 


RELATION BETWEEN THE COMBINATION OF VE10 
AND HRV AND SUDDEN DEATH 

A low HRv and VE10 were combined in 12 
(5-4%) of the young patients: four (33%) of 
these 12 patients died suddenly compared with 
four (1:6%) of the remaining patients 
(p < 0-001). The relation between these vari- 
ables and sudden death in older patients was 
not statistically significant (table 3). 


RELATION BETWEEN SUDDEN DEATH AND THE 
COMBINATION OF A LOW LVEF AND VE10 

An LVEF <40% was combined with VE10 in 
11 (4:7%) of the young patients: four (36-4%) 
of these died suddenly compared with five 
(2-3%) of the remaining patients (p < 0-001). 
The relation between this combination of 
variables and sudden death in the older group 
did not reach statistical significance (table 4). 


RELATION BETWEEN SUDDEN DEATH AND THE 
COMBINATION OF VE10 WITH LOW HRV OR LOW 
LVEF 

A combination of VE10 with either a low HRv 
oran LVEF < 40% was found in 20 (9-:1%) of 
the 236 young patients: six (30%) of these 20 
died suddenly compared with two (1%) of the 
remaining patients (p < 0-001) (table 5). The 
relation between this combination of variables 
and sudden death did not reach statistical 
significance in the older group. l 


Discussion 
We have shown that sudden death is a com- 
moner mode of death and is more reliably 
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Table 5 Relation of LVEF and HRv to sudden death (Sd) 





a 
v 
HRv/EF + VE10 


HRv + EF 
HRv/EF 
HRv/EF + VEIO 


HRV/EE 
y 
HRv/EF + VE10 


n Sd 


Sens ppa rr (95% CI) pp Value 


All patients - = 409), sudden deaths = 14 {34%} 


5 35-7 119 49 (18-140)  <0-01 


174 13 92-8 7:5 17-6 (2-3-1316) <0-001 


52 7 50-0 133 69 (5-0-36-6) <0-001 


Patients aged <60 {n = 219), sudden deaths = 8 (37%) 


12 3 375 25-0 10:4 (26-413) <001 
79 8 1000 100 — <0-001 
20 6 750 30-0 300 (165-1384) <0-001 


Patients aged > 60 (n = 190), sudden deaths = 6 (3:2%) 


30 2 33-0 6-7 
95 5 833 5-3 
32 1 167 3-1 


27 (05-142) NS 
5-0 (20-494) NS 
1-0 (0-1-8-2) NS 





See footnotes to tables 1 and 3 for abbreviations. 


predicted in younger than in older postinfarc- 
tion patients by heart rate variability, 
frequency of ventricular extrasystoles, and to a 
lesser extent the left ventricular ejection frac- 
tion. Our first finding is consistent with previous 
reports. Vismara et al” who found that 36% of 
the deaths in postinfarction patients aged 
under 50 years but only 16% of the deaths in 
older patients were sudden. According to Daly 
et al 46% of deaths in 551 young men who 
survived unstable angina or acute myocardial 
infarction were sudden and the proportion of 
sudden deaths was inversely related to age at 
initial attack.” 

The rates of sudden death (4%, 5-4%, and 
45%) in our study and in the MILIS and 
BHAT studies are similar.'? The higher 
proportion of patients with VE10 in our study 
(22%), however, compared with 15% and 13% 
reported by the MILIS and BHAT studies 
may be due to differences between the studies in 
criteria for patient recruitment, in the timing of 
Holter monitoring, and in the proportion of 
older patients.'? The positive predictive 
accuracy of VE10 for sudden death in the 
present study of 8-6% was, nevertheless, close 
to the 10% and 9% reported by the MILIS and 
BHAT studies.'? 

The BHAT study found a direct relation 
between the frequency of ventricular extrasys- 
toles and age; but the implications of this 
finding for risk stratification were not con- 
sidered.” We found VE10 to be a more reliable 
predictor of sudden death in the younger 
patients (table 3). The combination of low HRv 
with VE10 was present in 8:5% of our patients 
and was also a much better predictor in the 
younger group (table 3). 

An LVEF <40% had a positive predictive 
accuracy for sudden death of 6-2% in our study 
and of 10% in the MILIS study.’ In a report in 
1977 by Schulze et al,” 55% of the patients 
(compared with 26% in our study) had an 
LVEF <40%, a finding that had a positive 
predictive accuracy of 18%. In the study by 
Schulze et al all the sudden deaths occurred in 
patients with an LVEF <40%. But a rate of 
14-7% for sudden deaths in patients taking 
quinidine or procainamide, compared with 
6-4% in those not taking antiarrhythmic drugs, 
indicates that the relation between LVEF 
<40% and sudden death may have been rein- 
forced by the concomitant arrhythmogenic 
effect of antiarrhythmic therapy in patients with 
low ejection fractions. 


In the MILIS study 40 (7-5%) patients had 
both VE10 and a low LVEF.’ This subgroup 
was older than the other subgroups of patients 
and contained 24% of all the sudden deaths. If, 
however, older patients are more likely than 
younger patients to have frequent ventricular 
extrasystoles and to have had a previous infarc- 
tion (and thus low LVEFs) the predictive 
characteristics of these variables may have been 
different in the younger members of this high 
risk subgroup. In our study about 5% of young 
patients had a low LVEF and VE10 and this 
combination had a sensitivity of 44% and a 
positive predictive accuracy of 36%. We also 
found that the combination of VE10 and a 
depressed HRv and the combination of VE10 
with an LVEF < 40%, though they had similar 
predictive characteristics, identified different 
patients at high risk of sudden death (tables 3 
and 4). Even more striking was that the com- 
bination of VE10 with either low HRv or an 
LVEF <40% had a sensitivity of 75% and a 
positive predictive accuracy of 30% in young 
patients, and values of only 17% and 3% in the 
older group (table 5). 

Our results may reflect the inadequacies of 
present techniques. Thus even if all the sudden 
deaths were due to autonomic dysfunction, the 
degree to which depressed heart rate variability 
accurately reflects this dysfunction seems to 
decline with age. This may be due to a con- 
siderable age related divergence between the 
effects of autonomic dysfunction on the sinus 
node and on the electrophysiology of the- 
myocardium. 

Our findings may also be the-result of a 
decline with age in the proportion of sudden 
deaths caused by autonomic dysfunction. 
There are several possible mechanisms for this 
proposition: 

(a) If the predisposition to ventricular fibrilla- 
tion is brought about by the change in auto- 
nomic tone, rather than absolute autonomic 
level, older patients may experience less severe 
changes in sympathovagal balance after myo- 
cardial infarction than younger patients. 

(b) Sympathetic denervation is associated with 
adrenergic hypersensitivity and an increased 
predisposition to ventricular fibrillation in 
dogs.” Preconditioning ischaemia prevents 
this sympathetic denervation. Subclinical 
ischaemia caused by more severe coronary 
disease and to decreased myocardial com- 
pliance* may have a similar protective effect in 
older patients. Also young patients have higher 
B receptor density and activity and less myocar- 
dial fibrosis than older patients”™ and may 
therefore be either more likely, for the same 
degree of sympathovagal imbalance, to reach 
the rapid rates at which ventricular tachycardia 
deteriorates into ventricular fibrillation or to 
reach such rates more quickly.” 

(c) The relative importance of rombo: 
embolic, rheological, ischaemic, and haemo- 
dynamic causes of sudden death increases with 
age. 


CLINICAL IMPLICATIONS 
Whatever their explanation, our results 
indicate that it is not correct to assume 
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physiological homogeneity in a postinfarction 
population. Such an approach will lead to 
young patients at higher risk of sudden death 
being overlooked and many older patients 
receiving inappropriate treatment. 


LIMITATIONS OF THE STUDY 

The dichotomy point of. 60 years seems 
arbitrary and its physiological significance is 
unclear. It was chosen, however, because it 
provided nearly the same proportion of 
patients and the same rates of sudden death in 


each group. The relations between heart rate- 


variability, frequency of ventricular extrasys- 
toles, and sudden death remained significant 
even in patients younger than 55, among whom 
there was a sudden death rate of only 2:4%. 
Our use of VE10 as a prognostic variable was 
based on the results of previous studies,'? but 
this variable may need to be refined: ventricular 
extrasystoles caused by increased sympathetic 
activity may have different prognostic implica- 
tions from those triggered by increased wall 
stress. The LVEF may be refined by consider- 
ing diastolic function and abnormalities of wall 
motion. 

Only two of the 12 young and one of the 
seven older patients who died suddenly were 
taking f blockers but because f blocker therapy 
was uncontrolled its effect on our results is 
difficult to determine. The rates of sudden 
death may have been lower had more patients 
> 60 received f blockers.” The effect of throm- 
bolytic therapy on our results and the effect of 
the difference in the proportion of young and 
old patients who had surgery or angioplasty is 
also unknown. 

Nevertheless, we have shown that age 
influenced the prediction of sudden death after 
myocardial infarction based on autonomic 
function tests, left ventricular ejection fraction, 
and the frequency of ventricular extrasystoles. 
If confirmed, our findings could have significant 
implications for postinfarction risk stratifica- 
tion and management. 
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Emergency coronary artery surgery after 
refractory cardiac arrest: a single centre 


experience 


J G Powney, R S Bonser, S Lentini 


Abstract 

Objective—To determine the incidence 
and outcome of refractory cardiac arrest 
necessitating emergency coronary artery 
bypass grafting. 

Design—Retrospective survey of car- 
diac catheterisation and surgical records. 
Setting—The London Chest Hospital. 

Patients—AlU patients requiring emer- 
gency coronary artery bypass grafting 
after cardiovascular collapse in the cath- 
eterisation suite between January 1984 
and December 1989. . 

Main outcome measures—Incidence of 
refractory cardiac arrest in the study 
group and perioperative mortality. 

Results—Thirteen of 8675 patients 
undergoing coronary arteriography or 
angioplasty had refractory cardiac 
arrests. Five patients died, but the 
remainder survived to be discharged 
from hospital without serious morbidity. 

Conclusion—Without immediate sur- 
gical intervention the mortality for these 
13 patients would have been 100%. 


Emergency myocardial revascularisation is 
occasionally required after coronary angio- 
plasty or arteriography. Angioplasty is the 
higher risk procedure and 1 to 6% of patients 
will require emergency surgery. Of these, up 
to one third will present to the surgical team 
with severe left ventricular dysfunction and 
cardiogenic shock.’ Two thirds of patients who 
undergo acute coronary occlusion will require 
bypass surgery.” Coronry arteriography may 
also be complicated by coronary artery dissec- 
tion or occlusion and a recent study reports an 
incidence of about 0:3% and mortality of 
0:-2%.* There is a high probability that all 
patients with cardiogenic shock secondary to 
unsuccessful balloon dilatation develop some 
myocardial necrosis. The incidence of non- 
fatal new Q wave myocardial infarction in 
patients undergoing emergency surgery after 
failed coronary angioplasty is 25 to 40%.” The 
mortality for revascularisation in these cases is 
also high and previous reports have indicated a 
high operative mortality in those patients who 
have cardiac arrest at the time of operation.®® 
This survey details the results of emergency 
revascularisation in patients with refractory 
cardiac arrest during or immediately after 
coronary arteriography or angioplasty at a 
single centre. 


Patients and methods 

A full, retrospective survey of cardiac catheter- 
isation and surgical records for the six year 
period, January 1984 to December 1989, was 
undertaken. The incidence of refractory car- 
diac arrest, which complicated coronary 
arteriography or angioplasty and necessitated 
emergency surgery, was found. Refractory car- 
diac arrest was defined as cardiac arrest un- 
responsive to conventional treatment including 
cardiotonic drugs, external cardiac massage, 
and repeated defibrillation, with resuscitative 
efforts continued up to median sternotomy, 
followed by internal cardiac massage. This 
group did not include complications of valvar 
disease investigation or postinfarction ven- 
tricular rupture. We excluded patients with 
transient rhythm or haemodynamic disturban- 
ces who did not develop refractory cardiac 
arrest requiring full resuscitation during trans- 
fer to the operating theatre. These have been 
reported elsewhere. 

All angioplasty patients had adequate vas- 
cular access in the form of femoral venous and 
arterial cannlas before cardiac arrest. Patients 
undergoing diagnostic arteriography had only 
rudimentary access via the brachial 
arteriotomy and a peripheral venous cannula. 
During the course of resuscitation, central 
(jugular) venous access was secured in seven 
patients. 

Cardiopulmonary bypass in this critical 
situation was carried out as follows in: a mem- 
ber of staff wearing a sterile gown performed 
external cardiac massage through a betadine 
soaked swab while preparation and draping 
proceeded around him. Fully scrubbed and 
gowned surgeons then continued the massage, 
which was momentarily interrupted for scalpel 
incision down to the sternum. After rapid 
sternotomy, insertion of a chest spreader, and 
opening of the pericardium (manoeuvres which 
take seconds), internal cardiac massage was 
performed by one surgeon, while another 
inserted cannulation purse strings. Aortic and 
right atrial cannulas were then inserted with 
prompt initiation of bypass. 

When necessary, a monitoring needle was 
inserted in the aorta for the adjustment of 
perfusion pressure and flow after initiation of 
cardiopulmonary bypass. Most of our patients 
were operated on using the technique of inter- 
mittent ischaemic arrest at 32°C rather than 
cold cardioplegic arrest. 

At the time of the initial cardiac arrest, all 
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Table 1 Preoperative and angioplasty/angiography data 


Site of PTCA 

Patient Age] sex Presentation disease artery 

1 55 M UA R RCA 

2 66 W UA LAD/Cx LAD 

3 54 WV SA R /Cx LAD/Cx injury 
4 62 W UA RCA/LAD RCA/LAD 

5 52 W UA o 

6 61 M SA R LAD 

7 60 W UA LAD LAD/Cx injury 
8 72 M UA RCA/LAD/Cx LAD/Cx injury 
9 59 M UA LAD/Cx LAD 

10 51M PIA LAD/Cx LAD/Cx injury 
11 62 M SA LMS/occ RCA N/A 

12 48 W SA LMS/RCA N/A 

13 57 W PIA R ICx N/A 





PTCA, percutaneous transluminal coronary angioplasty; RCA, right coronary artery; LAD, left 


anterior descending artery; Cx, circumflex artery; 


S, left main stern; Occ, occluded; N/A, not 


applicable; PIA, post infarct angina; SA, stable angina; UA, unstable angina. 


patients were intubated and ventilated with 
100% oxygen. No inhalational anaesthetic 
agents were administered. Despite the 
moribund condition of these patients, 
intravenous anaesthetic drugs, if only a small 
dose of benzodiazepine with pancuronium, 
were rarely withheld before sternotomy. Once 
on cardiopulmonary bypass, the routine opiate 
benzodiazepine relaxant sequence normally 
used was given with only minor modifications 
in dosage. 

Heparin, (3 mg/kg) was given at the earliest 
opportunity bearing in mind the slow circula- 
tion time that is inevitable with intermittent 
cardiac massage. All angioplasty patients had 
also received 100 mg of heparin at the outset of 
the procedure. 

Various treatments were directed towards 
preservation of vital organs. These included 
10 g mannitol and 2 g methylprednisolone or 
20 mg dexamethasone for putative cerebral 
protection, glyceryl trinitrate infusion to 
facilitate myocardial preservation, and for renal 
protection, dopamine infusion and diuretics. 
Barbiturates were not used at all in either 
anaesthetic or cerebrally protective doses. 


Results 

Tables 1 and 2 show the preoperative and 
perioperative details of the 13 patients. Diag- 
nostic coronary arteriography was performed 
in 7635 patients at the London Chest Hospital 
in the study period’1984 to 1989. Eight patients 


(0-1%) were referred for urgent surgery from 


Table 2 Perioperative details 


and outcome 








Duration 
of GPR Operative Days in 
Patient Rhythm (min) Operation technique ICU Outcome 
l VF 45 VG x 2 Int fib 2 Survived 
2 VF/asystole 45 VG x2 Int fib N/A Died in OT 
3 Bradycardia 60 VG x2 CPL N/A Died in OT 
4 2:1 AVB 30 VG x 2 CPL 7 Died MSOF 
5 VF 30 VG x 2 Int fib 2 Survived 
6 VF 40 VG x 2 Int fib N/A Died in OT 
7 VF <30 VG «x 2 Int fib 2 Survived 
8 VF 40 VG x 4 Int fib 6 Survived 
9 VF 45 VG x2 Int fib N/A Died in OT 
10 VF <30 VG x 2 Int fib 4 Survived 
11 VF 45 VG x 3 Int fib 4 Survived 
12 Asystole 30 VG x 3 CPL 4 Survived 
13 VE/asystole 30 VG x 3 CPL 3 Survived 





CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; AVB, atrioventricular block; 


VG, vein 


; Int fib, intermittent fibrillation; CPL, cardioplegia; MSOF, multisystem organ 
failure; N/A, not applicable; OT, operating theatre. 
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the catheter laboratory because of haemody- 
namic instability or severe myocardial 
ischaemia. Of these eight patients, three 
(003%) had cardiac arrests requiring full 
resuscitation including external cardiac mas- 
sage during transfer to theatre for surgical 
revascularisation. All three survived and made 
a good functional recovery, although two had 
perioperative myocardial infarction on elec- 
trocardiographic criteria. 

During the same period, 1040 patients 
underwent percutaneous coronary angioplasty. 
Sixty seven (6-4%) of these patients were 
referred for urgent surgery. The reasons for 
surgical referral included coronary artery dis- 
section and occlusion, persistent chest pain, or 
ST segment changes despite apparently suc- 
cessful angioplasty, and failure to pass a 
guidewire or angioplasty catheter across a 
critical lesion associated with pain and elec- 
trocardiographic changes. In 10 patients (1%) 
immediate surgery was required for refractory 
cardiac arrest with complete circulatory 
collapse. The maximum time to cardiopulmon- 
ary bypass was 45 minutes. Four patients could 
not be resuscitated despite rapid surgical 
intervention and revascularisation, and max- 
imum inotropic support, and died in the 
operating theatre. One patient died of low 
cardiac output and multi system organ failure 
seven days after operation. The mortality for 
the complication of refractory cardiac arrest 
after angioplasty was therefore 50%. 

The survivors for both groups (61%) 
had remarkably uncomplicated postoperative 
courses in the light of their history. One patient 
(no 5) came off cardiopulmonary bypass with 
no support at all and was discharged from 
intensive care the next day. Two patients 
required inotropic support and four also had 
assistance from surgically introduced intra- 
aortic balloon pumps. Six patients were dis- 
charged from intensive care by day 3. One 
remained intubated to day 4 because of a 
recurrent pneumothorax, and another with a 
pre-operative history of chronic bronchitis 
remained in intensive care for six days. Func- 
tional recovery was excellent: there was no 
evidence of cerebral, pulmonary or renal deficit 
in any of the long-term survivors and their 
median post-operative hospital stay was 15 
days (range 8-30). In two patients, hospital 
discharge was delayed by superficial infection 
of an intra-aortic balloon entry site reflecting 
the less than ideal preparation of patients 
before surgery. There had been no late deaths 
at one year follow up. 


Discussion 

The provision of surgical cover for invasive 
cardiological diagnostic and therapeutic 
procedures has been the subject of much 
debate.‘!°'! This study, while raising issues 
that have been discussed previously, throws 
some light on the problem of identifying what 
determines the outcome of those patients who 
have the very worst angiographic complica- 
tion—refractory cardiac arrest. Stewart et al 
have indicated that it is extremely difficult to 
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prove the assumption that the temporal and 
geographical availability of surgical facilities 
affects the prognosis of patients referred for 
emergency surgery.* This difficulty must be all 
the greater when the patients in question 
include those with some spontaneous cardiac 
output who can, albeit precariously, be suppor- 
ted during any delay. In this report, therefore, 
we have considered in detail only those patients 
with refractory cardiac arrest as we believe that 
survival would not have been possible without 
recourse to immediate surgery which allowed 
the institution of cardiopulmonary bypass and 
steps towards reperfusion within an hour of 
arrest. Our results show that 61% of such 
patients survived this ultimate of complications 
with excellent functional recovery after com- 
paratively short stays in intensive care and 
hospital. We know of no other data from the 
United Kingdom to suggest that similar 
patients would achieve a similar outcome if 
transferred to another hospital. 


Whereas it is possible that all our patients — 
-would have survived if transferred elsewhere, 


we believe that a salvage rate of this order is 
only likely to be achieved if invasive car- 
diological procedures are performed in the 
same place as cardiac surgery facilities are 
available for rapid intervention should refrac- 
tory cardiac arrest occur. This belief is in 
accordance with that of other workers.‘ 
Whether this mortality can be offset by the 
development of local diagnostic coronary 
angiographic services saving lives by earlier 
diagnosis and referral for surgical intervention 
of prognostically important coronary disease is 
not known, but has been previously con- 
sidered.’°* Certainly, increased availability of 
diagnostic procedures will not influence mor- 
tality unless treatment facilities expand in 
parallel. 

On site surgical cover for percutaneous 
transluminal angioplasty has been recommen- 
ded in American practice,’ but formal 
guidelines have not been issued in the United 
Kingdom. Other workers have suggested that 
coronary angioplasty can be safely performed 
at centres distant to surgical facilities and quote 
considerable and equivalent times to revas- 
cularisation with both on site and distant 
referral.” The delay is identified as non- 
availability. of a cardiac operating theatre. 

At the London Chest Hospital there is no 
special provision for an empty theatre on stand 
by, but angioplasty procedures have generally 
been timed to occur when the first surgical 
cases are nearing completion. This overlapping 


practice contributes to a reduction in delay 


should surgical intervention be necessary. 
Also, it has been accepted that other sites—for 
example, the catheter laboratory or anaesthetic 
room—can be used as an operating theatre in 
desperate circumstances. We have found sur- 
gery in the catheter laboratory less than ideal. 
The risk of transfer and increased delay for 
patients undergoing external cardiac massage is 
likely to be offset by the benefits of surgeons, 
anaesthetists, and support staff operating in a 
familiar and properly equipped environment. 
The problem of speed of access to surgical 
facilities is likely to be the most decisive factor 
influencing outcome, but there are other con- 
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siderations worthy of discussion in the future. 
These include catheter laboratory techniques,* 
the skill and seniority of the cardiologist, the 
speed of recognition of a serious problem, and 
the initial resuscitation efforts with early 
involvement of anaesthetists and surgeons of 
adequate seniority. It is not our view or 
experience that failure to establish a rhythm 
and cardiac output makes revascularisation 
pointless. 

Our method of establishing cardiopulmon- 
ary bypass was always by direct central can- 
nulation following sternotomy. Percutaneous 
femoral cannulation kits were not available to 
our unit, and we considered that to try to 
isolate, control, and tape the femoral vessels, 
and insert the femoral cannulas, with the 
patient undergoing external cardiac massage, 
was time consuming and difficult. Appropriate 
coordination of personnel to continue ventila- 
tion and external cardiac massage during 
preparation and draping allowed prompt ster-. 
notomy and completion of cardiopulmonary 
bypass. More peripheral manoeuvres, although 
suitable in some centres, would have led to a 
delay of revascularisation in our practice. 

In conclusion, this study shows that sig- 
nificant surgical salvage rates can be achieved 
by prompt intervention in this extremely high 
risk subgroup of patients. Centres that under- 
take invasive cardiology will have a complica- 
tion rate that includes refractory cardiac arrest, 
an event that is unpredictable. Our results 
show that, in this event, a 61% survival rate is 
achievable and therefore we argue strongly that 
cardiological and surgical facilities should be 
close. 


We thank the consultants in the departments of 
anaesthesia, surgery, and cardiology at the 
London Chest Hospital for help and advice. 
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Predictors of risk in patients with unstable angina 
admitted to a district general hospital 


Jeremy J Murphy, Patricia A Connell, John R Hampton 


Abstract 

Objective—To observe the long-term 
prognosis of: patients with unstable 
angina and select simple criteria to iden- 
tify high and low risk subgroups. 

Design—A six month prospective 
survey with three year follow up. 

Setting—One eleven bed coronary care 
unit. 

Patients—All patients admitted with 
chest pain in whom no infarct was confir- 
med by subsequent electrocardiographic 
or enzyme changes and for whom no 
alternative cause of chest pain was found 
were studied. Unstable angina was also 
diagnosed if there was evidence of myo- 
cardial ischaemia in the form of previous 
effort angina, previous myocardial in- 
farction, or if transient electrocardio- 
graphic changes accompanied the pain. 
When none of the above were present, 
chest pain without a known cause, was 


- diagnosed. 


Interventions—No routine interven- 
tion. Angiography and revascularisation 
for persistent symptoms despite medical 
treatment. 

Outcome measures—Death or non- 
fatal infarction. 

Results—In the 141 patients with un- 
stable angina there were eight deaths and 
five non-fatal infarctions during the first 
eight weeks. Symptoms of increasing 
angina before admission were similar in 
all three groups and did not help predict 
early complications. Recurrence of pain 
in hospital, a rise in cardiac enzymes to 
less than twice the upper limit of normal, 
and transient electrocardiographic chan- 
ges were all associated with an increased 
risk of early events. The presence of either 
abnormal enzyme activity or more than 
five episodes of pain in hospital identified 
a group of 49 in whom 11 of the 13 early 
events occurred. After three years, 29 of 
the 141 patients had died and eight had 
had infarctions (overall event rate 26%). 
Seventeen had undergone revascularisa- 
tion (12%) and 51 (36%) were on antian- 
ginal treatment. Thirty six (26%) were 
still alive, without new myocardial in- 
farction, and were free of angina. In the 29 
patients with chest pain without a known 
cause there were no early events and only 
one non-fatal infarction during the three 
year follow up. 

Conclusion—When patients are admit- 
ted to the coronary care unit with chest 


pain not due to myocardial infarction, 
the history, electrocardiography and 
measurement of cardiac enzymes are 
sufficient to identify high and low risk 
subgroups. 


Cardiologists in regional centres tend to see 
unstable angina as an emergency situation 
requiring angiography and intervention, even 
though there is little evidence that such action 
improves prognosis. The perspective from a 
district general hospital is, however, com- 
pletely different. For more than half the 
patients admitted with suspected myocardial 
infarction the diagnosis is not confirmed and 
many of these patients could by some defini- 
tions be diagnosed as having unstable angina. 
These patients usually require only a very brief 
stay in hospital, and there are no immediate 
clinical problems in most of them. Emergency 
referral to a regional centre because of persis- 
tent angina when at rest is a rare event. 

In 1986, after Cairns et al had confirmed the 
benefit of aspirin in unstable angina,' a finding 
previously reported in the Veterans’ Adminis- 
tration study,” we prospectively followed up all 
patients admitted to our coronary care unit ina 
six month period with the aim of finding the 
proportion of patients who could be considered 
to have unstable angina, and of identifying high 
and low risk subgroups. We wanted to see how 
many of these patients progressed over a fairly 
long period, and we aimed to collect data that 
would be useful for the design of later trials. A 
subsidiary intention was to see how quickly 
aspirin would become part of routine clinical 
treatment in a unit where patients are looked 
after by general physicians on emergency 
intake. 

The subgroups defined by Conti et al 
namely angina of recent onset, angina of 
increasing severity, and angina at rest—are 
clearly not of great value to patients in hospital, 
almost all of whom will have had persistent 
pain when at rest.’ We therefore set out with no 
preconceived definition of unstable angina, but 
identified patients who needed admission 
because of suspected ischaemic chest pain but 
who were found not to have had a myocardial 
infarction. 


Patients and Methods 

Between 1 January and 30 June 1986 all 
admissions to the coronary care unit at Univer- 
sity Hospital, Nottingham, were studied. The 
11 bed unit receives patients in the care of four 
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general medical firms, one of which has an 
interest in cardiology. While in hospital, 
patients remain under the control of the admit- 
ting medical firm who determine management. 

University Hospital shares with Nottingham 
City Hospital a catchment population of 
roughtly 650,000. Referrals from general prac- 
tice are divided between the two hospitals and 
University Hospital also receives all admissions 
from Nottingham’s only accident and emer- 
gency (A and E) department. It is our policy 
that whenever possible, patients with suspec- 
ted myocardial infarction are admitted to the 
coronary care unit, although this sometimes 
depends upon the availability of beds and the 
relative clinical needs of individual patients. 
The number of patients admitted to medical or 
geriatric wards with suspected infarction (all 
patients in whom cardiac enzymes were 
measured) was obtained from the Nottingham 
Heart Attack Register (Gray D, personal com- 
munication). 

Patients admitted to the coronary care unit 
were interviewed by questionnaire within 24 
hours of arrival, except in the case of early 
death or self discharge when information was 
obtained from the admission notes. Details of 
the presenting complaint and cardiac history 
were recorded. A modified Rose questionnaire 
was used to identify angina after effort and any 
change in symptoms within the previous four 
weeks was noted.* Angina was considered to be 
more frequent if it occurred at least twice as 
often as before and changes in the character of 
the pain were also recorded. In all cases, cardiac 
enzymes (aspartate aminotransferase and 
hydroxybutyrate dehydrogenase) and standard 
12 lead electrocardiograms were recorded over 
three consecutive days, other investigations 
being performed at the discretion of the 
individual medical firms. 

Patients with chest pain or tightness of at 
least 15 minutes duration in the 48 hours 
preceding admission were allocated to one of 
five diagnostic groups after the results of car- 
diac enzyme activity measurement and elec- 
trocardiograms. When cardiac pain was due to 
a primary cause other than coronary artery 
disease, such as an arrhythmia, cardio- 
myopathy, or valve disease, secondary angina 
was diagnosed. 

The diagnosis of acute myocardial infarction 
was made when two of three criteria were 
fulfilled: (a) chest pain for at least 15 minutes; 
(b) increase in at least one cardiac enzyme above 
twice the upper limit of normal in the absence 
of an obvious non-cardiac cause, and (c) new 
electrocardiographic changes characteristic of 
infarction; these were pathological Q waves (at 
least 40 ms duration and 1/3 of the R wave 
height) in two adjacent leads, a dominant R 
wave in V1 and V2(>1 mm and larger than the 
S wave), a new bundle branch block or ST-T 
wave changes persisting for more than three 
days (non-Q wave infarction). Patients with 
electrocardiographic changes lasting less than 
72 hours who did not have a diagnostic enzyme 
rise were labelled as unstable angina, as des- 
cribed later. The acute myocardial infarction 
group also included patients presenting with 
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breathlessness, collapse, or arrhythmia without 
chest pain, in whom both electrocardiographic 
and enzyme criteria were filfilled. 

When, in the opinion of the attending 
medical firm, features of the history, examina- 
tion, or subsequent investigations were 
sufficient to make a specific non-cardiac diag- 
nosis then non-cardiac pain was diagnosed. 

After the exclusion of infarction, the label of 
unstable angina was given if the admission 
symptoms were supported by evidence of 
ischaemic heart disease in the form of (a) effort 
related angina as defined by the Rose question- 
naire in the preceding four weeks; (b) a 
documented previous infarction (using the 
criteria given previously); or (c) ST-T wave 
changes in association with pain lasting less 
than 72 hours. 

Three subgroups of unstable angina were 
selected in advance as they were considered to 
represent levels of increasing probability that 
the presenting symptoms reflected myocardial 
ischaemia. Patients in group 1 had a history of 
effort related angina but had had no evidence of 
previous infarction and no electrocardio- 
graphic changes with the presenting pain. 
Patients in group 2 had had a previous infarc- 
tion but had no new changes on the electrocar- 
diogram. Group 3 contained patients with ST- 
T wave changes in association with the admis- 
sion pain but which persisted for less than 72 
hours and who did not have a rise in enzyme 
activity diagnostic of infarction. Some of the 
patients in group 3 had also suffered a previous 
infarction and a proportion of patients in 
groups 2 and 3 had already had effort related 
angina. 

The remaining patients were diagnosed as 
having chest pain without a known cause. This 
group had no history of angina or infarction, 
normal electrocardiograms and cardiac 
enzymes, and no features to support a non- 
cardiac diagnosis. Within two weeks of admis- 
sion these patients underwent a symptom 
limiting treadmill exercise test according to the 
Bruce protocol. A positive result was defined as 
chest pain in association with 1 mm horizontal 
or downsloping ST segment depression, 
measured at 80 ms after the J point, or 2 mm of 
ST segment depression without pain. 

With the exception of non-cardiac pain the 
above diagnostic labels were independent of 
the attending physicians. For the purposes of 
the study, patients in whom acute myocardial 
infarction was diagnosed were only followed up 
until discharge from hospital. All patients in 
the three subgroups of unstable angina and 
those with chest pain without a known cause 
were followed up for at least three years after 
discharge for the development of cardiac 
events. This follow up was independent of the 
physicians involved with management. During 
the three year period, myocardial infarction 
was diagnosed by the criteria as already des- 
cribed and cause of death was ascertained from 
death certificates, supported by a review of 
hospital and general practice notes. After three 
years a second Rose questionnaire was used to 
examine the prevalence of effort related angina 
in all survivors. 
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STATISTICAL ANALYSIS 

Survival curves were constructed for cardiac 
death and non-fatal infarction combined. The 
Lee-Desu method was used for statistical com- 
parisons. Contingency tables were analysed by 
xX test and parametric data by analysis of 
variance with logarithmic transformation as 


necessary. 


‘Results 

ALL CORONARY CARE UNIT ADMISSIONS 

Over the six month study period there were 809 
admissions to the coronary care unit, 530 of 
which were either associated with chest pain, or 
acute myocardial infarction was suspected for 
other reasons. Information about 10 patients 
was collected solely from the case records and 
the remainder were interviewed within 24 
hours. Acute myocardial infarction was the 
final diagnosis in 304 admissions (285 patients), 
unstable angina in 149 admissions (141 
patients), and chest pain without a known cause 
in 31 (29 patients). In 32 patients admitted with 
pain due to cardiac ischaemia, a primary cause 
other than coronary artery disease was diag- 
nosed, such as aortic stenosis, an arrhythmia, or 
severe anaemia. Non-cardiac pain was the 
diagnosis in the remaining 14; there were six 
patients with chest infection and pleurisy, two 
with pulmonary embolism, three with oeso- 
phagitis, and one each with aortic dissection, 


Table 1 Characteristics and in hospital outcome of consecutive patients admitted to the 
coronary care untt according to final diagnosts 


Unstable angina 

No of admissions AMI (n= 304) (n= 149) CP?C (n=31) 
Age (y, mean (range)) 60 (32-83) 58 (33-82) 49 (35-74)* 
% Men 232 (76) 112 (75) 24 
Smokers (%) 223 (66) 75 (50) 20 (69 
Pain for >30 mn (%) 294 (9 120 a 22 (80)* 
Previous AMI (%) 78 (26 80 (54 — 
CCU, stay in days (mean ` 

(range)) 2-3 (1—14) 1-3 (1-4) 1-1 (1-2)* 
Hospital stay in days (mean 

(range)) 8 (1-56) 5 (1-26) 3 (=F 
Death (%) ` 39 (13) 3 (2) 0 


AMI, acute aa infarction, CP?C, chest pain without a known cause; CCU, coronary 
care unit. 
*Analysis of variance, p < 0-01. 


Table 2 Pre-admission characteristics of the three groups with unstable angina 





Angina only Previous AMI ST-T changes 
(n= 35} (n= 39) (n=67) 
Age (y, mean (range)) 56 (34-82) 59 (44-77) 59 (33-76) 
% Men 23 (66) 31 (79) 50 (75) 
Smoker (%) 11 (31) 18 (46) 35 (52) 
Previous AMI (%) 0 39 (100) 38 (57) 
AMI, acute myocardial infarction. 


Table3 The fre ie base and change of angina symptoms over the preceding four weeks 
in the three unst na groups 








ous AMI ST-T changes 
Fad Mee Nt, (a8) Abt TO) No (%) (n=67) No (%) 

Effort related angina 35 (100) “24 (61) 35 (52) 
Onset in previous four weeks 2 (6) 2 (6) 5 m 
Doubled ar 3 GP 17 (44) 31 (46 
Doubled angina fr 
Restri peor aie aaeeaed 17 (49) 18 HR 30 (45) 
Po 23 R 8 
Lo isod 

Me GEN use (31) 10 (26) 18 (27) 


More GTN use 11 





GTN, glyceryl trinitrate; AMI, acute myocardial infarction. 
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pancreatitis, and thoracic root pain. Table 1 
shows the characteristics and in hospital clin- 
ical course of patients with myocardial infarc- 
tion, unstable angina, and chest pain without a 
known cause. 

During the same period, 356 patients in 
whom cardiac enzymes were measured were 
admitted to medical wards, rather than to 
coronary care. These patients were not fol- 
lowed up for the purposes of this study, but in 
general they tended to be older and the range of 
final diagnoses was much wider. There were 73 
deaths in hospital within this group. 

Twenty four of the 29 patients with chest 
pain without a known cause underwent exer- 
cise testing and there was only one positive 
result. This patient developed 2 mm ST seg- 
ment depression in leads V4-V5 during stage 
IV of the Bruce protocol that was not associated 
with chest pain; she remained pain free and 
event free for the whole of the three year follow 
up. The five patients who did not undergo an 
exercise test were unable or unwilling to walk 
on the treadmill. Over three years, within the 
whole group, there was only one cardiac event, 
a non-fatal infarction. This patient had under- 
gone exercise testing after his index admission, 
during which he had reached stage V without 
chest pain or electrocardiographic changes and 
he had a normal blood pressure response. After 
three years, three of the remaining 27 had 
angina as indicated by a positive Rose question- 
naire. 


PATIENTS WITH UNSTABLE ANGINA 

Eight of the patients with unstable angina were 
admitted twice during the six month study 
period, but survival data were only analysed for 
the first admission. One hundred and forty one 
patients with unstable angina therefore formed 
the basis of this study. These patients were 
divided into the three groups defined above: 35 
patients gave a history of effort related angina 
as defined by a positive Rose questionnaire, but 
had no electrocardiographic abnormalities at 
any time (group 1), 39 patients had a documen- 
ted previous myocardial infarction, but no new 
electrocardiographic changes (group 2), and in 
67 there were transient ST-T wave changes 
accompanying pain (group 3). Thirty eight 
patients in group 3 had had a previous myocar- 
dial infarction as well as transient ischaemic 
changes. 


Pre-admisston characteristics 

Table 2 shows the age, sex, smoking habit, and 
frequency of previous myocardial infarction in 
the three groups of patients with unstable 
angina. Table 3 shows the characteristics of the 
anginal pain of these patients during the four 
weeks before admission. Symptoms of worsen- 
ing angina were equally common in the three 
groups, and no featues in the history served to 
distinguish them. 


Early complications 

There were three deaths in hospital in the 
unstable angina group (at days 7, 9, and 24), 
each resulting from myocardial infarction and 
giving a mortality of 2% in hospital. The 
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Figure 1 Event free 

“survival” curves (no 
cardiac death or non-fatal 
infarction for patients in 
the three unstable angina 
groups. The survival 
curves of patients with 
previous acute myocardial 
infarction (AMI) or acute 
ST-T changes did not 
differ and no events 
occurred in the group with 
effort related angina only 
(p < 0-001). 
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remaining patients were considered to have 
settled on medical treatment so none under- 
went immediate angiography. Figure 1 shows 
the event free survival curves for all the patients 
(including the early deaths) in the three diag- 
nostic categories of unstable angina. In group 1 
there were no cases of myocardial infarction or 
cardiac death during the first four months. In 
groups 2 and 3 cardiac events occurred at a 
constant rate for up to eight weeks after admis- 
sion, so this can be regarded as the period of 
acute instability, which we selected for the 
study of early events. During this eight week 
period eight deaths and five non-fatal infarc- 
tions occurred in the 141 patients with unstable 
angina (event rate 9%). There were three 
deaths with one non-fatal infarction in the 39 
patients in group 2 (event rate 10%) and five 
deaths with four non-fatal infarctions in the 67 
patients in group 3 (event rate 13%). 

Data relating to the pre-admission and in 
hospital course of all the patients with unstable 
angina were reviewed in an attempt to identify 
factors that might select patients at high risk of 
developing an early cardiac event. After a 
review of previous studies? *" the factors selec- 
ted were age, the duration of preceding angina, 
change in symptoms before admission, heart 
failure (the need for 40 mg/day or more of 
frusemide), the presence of electrocardio- 
graphic abnormalities, direction and site of ST 
segment shift, and recurrence of pain in hosp- 
ital. We also examined the influence of rises in 
minor enzyme levels not diagnostic of infarc- 
non. 

Those with and without an early event were 
of comparable mean age (57 v 59 years) and 
most were men (10(77%) v 71(76%)). Nine 
(69%) of the 13 with an early cardiac event had 
a documented previous infarction compared 


Apis 4 The frequency and change of angina symptoms over the preceding four weeks 
documented 


rents with unstable angina, and a 


previous infarction or transient 


ECG changes, according to whether or not they developed cardiac death or non-fatal 
ee over the next eight weeks 


Effort related angina 
Onset in previous four weeks 
Pain at rest 
Doubled angina frequency 
PE ing activity 

re intense pai 
Longer se: 

use 


More G 


Death or AMI None 

(nm 13) No (%) (n= 93) No (%) 
8 tee) 51 (56) 

1 (8) 6 (6) 

7 (54) : 68 ) 

7 (54) 41 (44) 

6 (46) 42 (45) 

6 (46) 39 (42) 

7 (46) 45 (48) 

4 (31) 24 (26) 


No differences achieved statistical significance. AMI, acute myocardial infarction. 
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with 68 (73%) of the remainder. The nature 
and duration of symptoms of angina before 
hospital admission were similar in the two 
groups (table 4) as was the frequency of diuretic 
use (overall frequency 34%). The site of ST 
segment or T wave changes (inferior, anterior, 
or lateral) in group 3 had no influence on „the 
development of subsequent events. As there 
were only six patients with ST segment eleva- 
tion, numbers were insufficient to compare 
those with ST segment elevation and depres- 
sion. Sub-dividing group 3 (patients with tran- 
sient electrocardiographic changes) into those 
with and without a previous myocardial infarc- 
tion did not identify a high risk group, as there 
were six events (16%) among the 38 patients 
with a previous infarction compared with three 
(10%) among the 30 who had had no previous 
infarction. 

Recurrence of pain in hospital, defined as a 
need for treatment with glyceryl trinitrate or 
opiates, did to some extent predict patients at 
‘increased risk. Among the 106 patients in 
groups 2 and 3, 51 had no recurrence of pain 
after admission and within this subgroup there 
were five (11%) who had an early myocardial 
infarction or cardiac death. There were four 
(11%) events in the 37 patients who had up to 
five episodes of recurrent pain and four (22%) 
events in the 18 patients who had more than five 
episodes of pain during their admission. 

Three features were recognised as helping to 
identify patients at increased risk of early 
cardiac events: recurrent pain, reversible elec- 
trocardiographic changes, and a rise in cardiac 
enzymes to less than twice the upper limit of 
normal. Eight of the 13 early events occurred in 
35 patients with minor enzyme rises (sensitivity 
62%, specificity 71%, positive predictive 
accuracy 23%). The presence of reversible 
electrocardiographic ‘changes identified 67 
patients in whom nine early events occurred 
(sensitivity 69%, specificity 38%, and positive 
predictive accuracy 13%). Any recurrence of 
pain was associated with eight events in 55 
patients (sensitivity 62%, specificity 49%, 
positive predictive accuracy 15%). Selecting 
patients with more than five attacks of pain in 
hospital identified 18 patients in whom four 
events occurred (sensitivity 31%, specificity 
85%, positive predictive accuracy 22%). 

Table 5 shows the value of choosing either of 
two features as a means of predicting patients at 
risk of death or myocardial infarction over the 
subsequent eight weeks. Any recurrence of 
pain in hospital with either reversible elec- 
trocardiographic changes or a minor enzyme 
rise gave a sensitivity of 92% but the specificity 


` was poor. The selection of patients with either a 


minor enzyme rise or more than five attacks of 
pain in hospital gave a slightly lower sensitivity 
but greatly improved specificity. 


Treatment given 

Patients with chest pain without a known cause 
were usually given no treatment once the initial 
pain had settled, and those with only a history 
of angina (group 1) were discharged on anti- 
anginal treatment as considered appropriate by 
the attending firm. Forty nine (46%) of the 106 
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Figure 2 Long term 
event free “‘survrval”’ 
curves for patients with 
chest pain without a 
known cause (CP?C) and 
the three unstable angina 
groups. Patients with 
angina only (group 1) and 
CP?C had a simlar 
prognosis. The survival 
curves for patients with 
previous acute myocardial 
infarction ( AMI) or 
reversible ST-T changes 
(groups 2 and 3) did not 
differ but were both 
significantly worse than 
group | and CP?C 

(p < 0-001). 
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Table 5 Sensitivity, specificity, and positive predictive accuracy when transient EEEE Set 
(ST-T), recurrence of pain, and minor enzyme rise are combined to identify patients at risk of early cardiac events 
(n= 106) 
No Sensitivity Specifiaty Predicttve accuracy 
Selected Events (%) (%) (%) 
ST-T or any further pain 100 12 92 5 12 
ST-T or > 5 attacks 74 11 85 33 15 
ST-T or minor enzyme rise 80 10 77 25 12-5 
Minor enzyme rise or > 5 attacks 54 ll 85 54 20 
Minor enzymes or any further pain 88 12 92 18 14 





Percentage “survival” 
(no cardiac death or non-fatal 





Years 


patients with a previous myocardial infarction 
or with transient electrocardiographic changes 
(groups 2 and 3) were treated with # blockers, 
27 (25%) with calcium antagonists, and 49 
(46%) with long acting nitrates. Twelve 
patients were given three anti-anginal drugs 
(one from each therapeutic class), 24 were 
given two, and 41 were given monotherapy. 
Twenty nine patients were given no angina 
prophylaxis although most received sublingual 
nitrates. Only one patients was treated with 
aspirin and none received thrombolytic 
therapy or intravenous heparin. The treatment 
given did not appear to influence the sub- 
sequent development of serious cardiac events. 

During the eight weeks after discharge, two 
of the 35 patients with angina only (group 1) 
had coronary artery bypass graft surgery, as did 
three of the 67 patients with transient elec- 
trocardiographic changes (group 3). In each 
case the operation was performed because of 
persistent angina despite maximum medical 
therapy. No patient in group 2 was considered 
to need surgery during the first eight weeks. No 
patients were treated by percutaneous trans- 
luminal angioplasty. 


Three year follow up 

Figure 2 shows the long term event free 
survival curves for the patients with chest pain 
without a known cause and for those in the 
three different categories of unstable angina. 
Table 6 separates the different types of car- 
diovascular event, and shows the morbidity 
among the different groups. Patiens in group 1 


Table 6 The state of patients in the unstable angina groups three years after admission 


Cardiac death 

Non-cardiac death 

Non-fatal AMI 

CABG or angioplasty 

Angina on medical treatment 
No angina, events, or surgery 


Angina ony Previous AMI ST-T changes 
(n=35) No (%) (n=39) No (3%)  (n=67) No (%) 
— ` 9 (23) 18 (27) 

1 G 1 (1) 

1 @ 3 (8) 4 (6) 

4 83 7 (18 6 (9) 
16 (46 12 (31 23 to} 
13 (37) 8 (21 15 (22 


CABG, coronary artery bypass grafting; AMI, acute myocardial infarction. 


(angina only) had a similar survival pattern to 
patients with chest pain without a known cause. 
After three years, 16 (46%) of those who had 
been admitted with angina still had this com- 
plaint, but 13 (37%) were completely free both 
of events and angina. 

In groups 2 and 3, the initial high event rate 
in the first two months decreased, but events 
continued to occur over the whole three year 
peiod. Only eight (21%) of the 39 patients who 
had had a previous infarction (group 2) and 15 
(22%) of the 67 patients with reversible ST-T 
changes (group 3) remained free of symptoms 
and events after three years. The groups with 
continued complications tended to be older 
(mean of 61 v 58 years) although this did not 
achieve statistical significance (p = 0-11). 


Discussion 

Acute coronary insufficiency was described by 
Master et alin 1947 as a condition in which the 
pattern of angina changed abruptly and which 
was associated with episodes of pain lasting 30 
minutes or more. In 1961 Wood reported 150 
cases and found that myocardial infarction 
occurred within two months in 22%; he 
believed that anticoagulation reduced this 
dramatically." Since then the condition now 
usually called unstable angina? has received 
many names, including the intermittent coron- 
ary syndrome, acute myocardial ischaemia, 
pre-infarction angina, impending myocardial 
infarction, status anginosus, and accelerated 
angina.” All these names seem to imply a 
dangerous and changing state, about which 
something must be done. 

After trials with thrombolytic agents, 
aspirin, $ blockers, calcium antagonists, and 
percutaneous transluminal coronary angio- 
plasty (PTCA) the management of patients 
with acute myocardial infarction has become 
increasingly well defined, but unstable angina 
still presents a major problem. Apart from 
aspirin’? and ticlopidine!® (which is not avail- 
able in the United Kingdom), there is no clear 
evidence on which to base a management policy 
for such patients, although an overview of f 
blocker trials? and recent studies of heparin 
suggest benefit.77* A contemporary review 
recommends aspirin or heparin in combination 
with a $ blocker as the first therapeutic option, a 
calcium antagonist being added if symptoms 
persist.” For those with recurrent angina, 
angiography and revascularisation are logical 
progressions but are not without risk and their 
effect on the natural history is unknown.*” In 
a study in the 1970s that compared early 
surgery with medical treatment there was little 
difference in mortality,” but the surgical group 


had a higher rate of early infarction whereas the 
medical group had a higher rate of late angina, 
eventually leading to surgery. Although these 
data are generally interpreted as recommend- 
ing caution against early intervention, some 
enthusiasts still recommend angiography and 
some form of revascularisation for all patients 
with unstable angina.” 

Comparisons between the cardiovascular 
event rates which we found and other pub- 
lished data are difficult because of differences 
with case selection, and because different dura- 
tions of follow up have been described. In a 
community study of patients, not in hospital, 
with recent onset or worsening of pre-existing 
angina, the one month and six month cardiac 
event rates (fatal and non-fatal infarction com- 
bined) were 7% and 13%.'** In studies of 
patients with unstable angina who were admit- 
ted to hospital, the rate of fatalities in hospital 
varied between 1 and 8%, whereas the one year 
fatality rate was 10-18%. The event rate one 
month after admission was between 9 and 
1 3% 5 91115 

Control groups from trials of drug treat- 
ments give a clearer view of the importance of 
case selection. In the Canadian study of aspirin 
and sulphinpyrazone, patients were included if 
they had a positive Rose questionnaire or 
transient electrocardiographic changes with 
pain.' After a mean of 18 months, the event rate 
in the placebo group was 17% with 11:7% 
deaths. In the Veterans’ Administration study 
of aspirin, entry to the study depended mainly 
on the patients’ history with some more 
definitive evidence of underlying coronary dis- 
ease? The event rate at three months was 
10:1% with 3-3% deaths. In the ticlopidine 
study, which included patients with an 
appropriate history and transient electro- 
cardiographic changes, the event rate at six 
months in the control group was 13:6% with 
4-7% deaths.” These results can be compared 
with our rate of event at two months of 9% of 
all patients with unstable angina, 10% in those 
with a previous infarction, and 13% in those 
with transient electrocardiographic changes. 
The relatively low event rate in the Veterans’ 
Administration trial probably reflects the 
inclusion of cases we have identified as low 
risk,? whereas the patients admitted to the 
ticlopidine trial were comparable with our high 
risk group. 

Our findings suggest that once two months 
have elapsed the risk diminishes and is prob- 
ably similar to that of patients who have 
survived a myocardial infarction for a similar 
time. The three year mortality of 25% in our 
groups 2 and 3 compares with 33% in infarct 
survivors reported by Norris et al.” Our early 
event rate within the first two months in these 
groups should also be compared with those 
shown to have had a myocardial infarction. In 
second international study of infarct survival 
(ISIS-2),* Gruppo Italiano per lo Studio della 
Streptochinasi nell’Infarcto | Miocardico 
(GISSI), and Anglo-Scandinavian study of 
early thrombosis (ASSET)* mortality in the 
placebo group at one month ranged from 9:8% 
to 13%; the proportion eventually shown to 


m 
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have a myocardial infarction being variable. At 
six months 13-1% of the placebo group in 
ASSET had died (17-1% of those with a 
definite infarction); at one year 18% of the 
placebo group in ISIS 2 and 19% of those in 
GISSI had died. In all of these studies the non- 
fatal reinfarction rate was low at 3 or 4% in the 
first month, and up to 6 or 7% in the first six 
months. Our hospital death mortality rate of 
13% for patients with acute infarction is 
therefore what would have been expected in the 
pre-thrombolytic era, and this event rate 
should be compared with the hospital mortality 
rate of 3%, a mortality rate at two months of 
7-5%, and the three year mortality rate of 25% 
for the 106 patients in groups 2 and 3. In these 
patients the non-fatal reinfarction rate was 5% 
at two months. 

If we include patients who are admitted to a 
coronary care unit because of a history sugges- 
tive of prolonged ischaemia at rest but who 
have no other evidence of coronary disease, 
(chest pain without a known cause group), the 
outlook is clearly better than it is for patients 
with myocardial infarction. Patients with only a 
positive Rose questionnaire as a means of 
making the diagnosis (our group 1) also have an 
excellent prognosis so there are high and low 
risk groups within the overall category of 
unstable angina. Severi et al found,” as we did, 
that patients in whom the diagnosis was made 
simply on the basis of history had an excellent 
prognosis, and they showed that the sub- 
sequent positive exercise test had little relation 
to the outcome. Heart failure (defined as an 
increased cardiothoracic ratio’? * or raised left 
ventricular end diastolic pressure’) identified a 
higher risk group in some but not all studies.* 
Recurrence of pain®™'* and electrocardio- 
graphic changes? 29 Y have generally been 
found to identify high risk subgroups, and 
some authors have also highlighted specific 
changes on the electrocardiogram. De Servi 
et al’ found a higher mortality in patients with 
ST segment depression than with elevation and 
Sclarovsky et al% highlighted the significance 
of T wave changes in those with anterior lead 
horizontal or downsloping ST segment depres- 
sion.® Left main stem occlusion was present in 
seven out of 10 of those with T wave inversion 
and in none of the 21 with upright T waves.” In 
the study by de Zwaan etal’ abnormal ST 
segments with T wave inversion in V2 and V3 
identified patients with a left anterior descend- 
ing lesion, 83% of whom had the culprit lesion 
proximal to the first septal perforator. Both a 
long history of ischaemic heart disease? and the 
lack of preceding symptoms’ '' have been sug- 
gested as identifying high risk subgroups. Our 
identification of high risk groups was based 
simply on history, electrocardiogram, and car- 
diac enzyme activity results—all of which are 
routinely collected on coronary care unit 
admissions—so clearly this is a practical way 
for physicians in district general hospitals to 
recognise the high risk patient, But should such 
patients undergo angiography and revascular- 
isation? 

Very few events occur in the low risk groups 
so it seems reasonable to suppose that the 


Predictors of risk in patients with unstable angina admitted to a district general hospital 


beneficial effects of aspirin must depend on a 
reduced rate of event in what we have called 
high risk patients. We could therefore assume 
that treatment with aspirin could have reduced 
the event rate at two months in this group to 
perhaps 10%. A clinical trial of any further 
intervention designed to show, with conven- 
tional levels of power and significance (a = 
0-05, 1-8 = 0-90), a further 30% reduction in 
events would need to contain 5600 such 
patients. Assembly of such a trial would, from 
our experience, require the screening of over 
80 000 coronary care admissions. It is clearly 
going to be extremely difficult to establish 
whether coronary angiography, percutaneous 
transluminal coronary angioplasty, or coronary 
artery bypass will reduce the risk of cardiac 
death or non-fatal infarction in these patients. 
The morbidity of the condition-is substantial, 
with only a minority of patients remaining 
event free and free from angina at three years, 
so a study that included chronic angina as an 
undesirable outcome would be more feasible. 


We thank Dr D Gray for providing data from the Nottingham 
Heart Attack register and the physicians of University Hospital, 
Nottingham for permission to study their patients. 
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HLA-DR antigen linkage of anti-f receptor 
antibodies in idiopathic dilated and ischaemic 


cardiomyopathy 
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Abstract 

Objecttve—Immunological mechan- 
isms have been implicated in the 
pathogenesis of human dilated cardio- 
myopathy. The presence of auto- 
antibodies against the 8, adrenoceptor in 
a substantial proportion of patients with 
dilated cardiomyopathy has been de- 
scribed and an association between the 
HLA-DR4 phenotype and anti-f receptor 
antibodies has been identified. The objec- 
tive of the present study was to examine 
whether the presence of such antibodies 
in ischaemic cardiomyopathy was 
limited to specific HLA-DR phenotypes. 

Design—The HLA-DR dependence of 
anti-f receptor antibodies detected by a 
ligand binding inhibition assay in 
patients with dilated cardiomyopathy 
(n = 68) was compared with that in 
patients with ischaemic cardiomyopathy 
(n = 73). 

Results—38% of the patients with 
dilated cardiomyopathy and 22% of 
those with ischaemic cardiomyopathy 
had serum anti-f receptor antibodies. In 
dilated cardiomyopathy, the presence of 
anti-8 receptor antibodies was linked to 
the HLA-DR4 phenotype (that is, 50% of 
patients with this phenotype were 
antibody positive) whereas, in those with 
ischaemic cardiomyopathy HLA-DR! 
was over-represented (that is, 37% of the 
patients with the HLA-DRI1 phenotype 
were antibody positive compared with 
17% of the HLA-DRI negative patients). 
In both disease entities, the HLA-DR3 
phenotype was virtually absent in the 
anti- receptor antibody group. 

Conclusions—These results suggest 
that the presence of anti-f receptor 
antibodies is under immune genetic con- 
trol that may depend on the nature of 
the underlying disease process. 


Abnormalities in both cellular and humoral 
immunity have been repeatedly described in 
human dilated cardiomyopathy and support 
the involvement of autoimmune mechanisms 
in the pathogenesis of this disorder. The 
specific targets of the presumed autoimmune 
response have not been clearly defined, but are 
thought to include several cell surface and 
intracellular constituents. Recently, we,* as 
well as others,’ have described the presence of 


antibodies directed against the f, adrenergic 
receptor in a substantial proportion (about 
30%) of patients with idiopathic dilated car- 
diomyopathy. These antibodies inhibit both 
ligand binding to membrane $ receptors‘ and 
isoprotereno] sensitive adenylate cyclase 
activity. Their presence is linked to the 
HLA-DR4 phenotype®’ suggesting that the 
increased frequency of this phenotype in 
dilated cardiomyopathy may reflect the 
presence of immune genetic factors control- 
ling the propensity to develop autoantibodies. 

The frequency of anti-8 receptor antibodies 
in ischaemic heart disease is much lower than 
that in idiopathic dilated cardiomyopathy.‘ 
Furthermore, it is not known whether the 
same immune genetic influences are respon- 
sible in both diseases, that is whether the 
preponderance of HLA-DR4 in antibody 
positive patients is linked to the propensity to 
develop autoimmunity or to the pathogenesis 
of the disease. This issue is examined in the 
present study by comparing the distribution 
of HLA-DR antigens in patients with dilated 
cardiomyopathy and with ischaemic heart dis- 
ease patients both with and without anti-f 
receptor antibodies. 


Patients and methods 

We studied 141 patients (aged 38-82, mean 49 
for the dilated cardiomyopathy and 53 for the 
ischaemic cardiomyopathy group) evaluated at 
the University of Minnesota. In 68 (64 men and 
four women) the diagnosis was idiopathic 
dilated cardiomyopathy and in 73 (67 men and 
six women) it was ischaemic heart disease. All 
patients had undergone routine clinical and 
haemodynamic evaluation, including coronary 
arteriography and cardiac catheterisation, and 
were similar in severity of cardiac dysfunction. 
Phenotyping for HLA-DR was carried out 
using standard lymphocytotoxicity assays as 
previously described.* Statistical evaluation 
was as described by Svejgaard et al.’ p Values 
were corrected for the number of antigens 
tested and associations were judged significant 
ifp < 0-05. 

The assay for f receptor autoantibodies is 
based on their ability to inhibit ligand binding 
to membrane $ adrenoreceptors and has been 
previously described.* Briefly, rat cardiac 
membranes (0-1 to 0:2 mg protein) were 
incubated with 100-fold serum dilutions in 
50mM Tris-HCl (pH 7:5), 5mM McC,,, 
0-1 mM phenylmethy]l-sulphonylfluoride, 
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Figure 1 Distribution of HLA-DR antigens in patients with ischaemic 
cardiomyopathy with or without anti-B receptor antibodies as defined by ligand binding 


inhibition assay. 
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5 ug/ml leupeptin, and 7 ug/ml pepstatin at 
30°C for 60 min, and then with 6nM PH] 
dihydroalprenolol (New England Nuclear Co, 
specific activity 105 Ci/mmol) for 15 min. Re- 
actions were terminated by filtration through 
Whatman GF/C fibres. Non-specific binding 
was determined in the presence of 1 uM 
propranolol. Positive results were defined as 
220% inhibition of ligand binding in the 
presence of 100-fold serum dilution. 


Results 

Anti- receptor antibodies were present in 
38% (26 of 68) of patients with dilated car- 
diomyopathy compared with 22% (16 of 73) of 
patients with ischaemic heart disease. Figure 1 
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Figure 2 Distribution of HLA-DR antigens in patients with dilated cardiomyopathy 
with or without anti-B receptor antibodies as defined by ligand binding inhibition assay. 
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Figure 3 Extent of [7H ]dithydroalprenolol (DHA) 
binding inhibition by 100 fold serum dilutions from 
patients with dilated or ischaemic cardiomyopathy. The 
extent of inhibition ts related to [7H ]DHA binding to 
control cardiac membranes (incubated tn the absence of 
serum). 


shows the distribution of HLA-DR antigens in 
antibody positive and negative patients with 
ischaemic cardiomyopathy. There is a sig- 
nificant over-representation of HLA-DRI 
phenotype (37% of antibody positive subjects 
typed as HLA-DR1 compared with 11% of 
those who were antibody negative 
(Pc < 0:035)) while DR3 is distinctly less 
frequent. By comparison, anti-f receptor 
antibody positive patients with dilated car- 
diomyopathy were more likely (Pc < 0-02) to 
belong to the HLA-DR4 phenotype (fig 2). 
Although two thirds (6/9) of the HLA-DRI1 
patients were antibody positive, the numbers 
were too small to reach statistical significance. 
In an alternative approach the antibody 
status of the HLA-DRI1 positive and negative 
patients was considered. In ischaemic car- 
diomyopathy, 37% (6/16) of the HLA-DRI 
positive patients had anti-f receptor antibody 
compared with 17% (10/57) of the HLA-DRI1 
negative patients. In dilated cardiomyopathy 
50% of the HLA-DR4 patients were antibody 
positive while only 24% of the HLA-DR4 
negative patients were antibody positive. In 
both disease groups, HLA-DR3 was essentially 
absent in the antibody positive group. There 
was a small but significant difference (p < 0-05) 
in the extent of ligand binding inhibition 
between ischaemic (24:7 (2:0)%) and dilated 
cardiomyopathy (33:5 (3-0)% groups (fig 3). 


Discussion 

We have recently shown that a substantial 
proportion of patients with idiopathic dilated 
cardiomyopathy have autoantibodies directed 
against their $ adrenoreceptors as judged by 
their ability to inhibit ligand binding to the 
receptor and to modify adenylate cyclase 
activity.* This finding was recently confirmed by 


Magnusson et alusing a synthetic f, receptor 
peptide as antigen in enzyme linked immuno- 
assays." It is likely, therefore, that the presence 
of anti-f. receptor antibodies may explain the 
decline in the density of cardiac f receptors and 
the reduced inotropic responsiveness to B 
agonists that characterise dilated car- 
diomyopathy.”° It is not known whether the 
presence of anti-f receptor antibodies can 
predict the response of cardiac ĝ receptors to 
agents inducing up regulation (such as f block- 
ers and converting enzyme inhibitors). 

The pathogenesis of the antibody response in 
these patients remains conjectural. Immune 
disturbances have been described in both 
experimental and human cardiomyopathy and 
may be under genetic control. Recently, we’! as 
well as others,” have reported that the propor- 
tion of patients with HLA-DR4 antigens is 
high in dilated cardiomyopathy. As it is likely 
that this disease is a heterogeneous entity, the 
patients with HLA-DR4 antigens may belong 
to a specific subset in which immunological 
abnormalities play a predominant role. This 
proposal is supported by our finding that most 
of the antibody positive patients belong to the 
HLA-DR4 or HLA-DRI phenotype and that, 
conversely, a substantially higher proportion of 
HLA-DR4 patients have autoantibodies com- 
pared with those without HLA-DR4.’ These 
results may be interpreted as evidence that 
immunogenetic factors linked to the HLA-DR 
system control the development of anti-f 
receptor antibodies. Alternatively, the associ- 
ation of such antibodies with HLA-DR4 may 
be a consequence of the link between this 
particular phenotype and the susceptibility to 
dilated cardiomyopathy. If the first alternative 
were true, the appearance of anti-f receptor 
antibodies in cardiac diseases of other 
aetiologies would also be linked to the HLA- 
DR4 phenotype whereas, if the second pos- 
sibility were true, the association with HLA- 
DR4 would hold only for the dilated car- 
diomyopathy. 

To examine this issue we relied on our 
previous findings that a small proporton of 
patients with ischaemic heart disease also have 
anti-f receptor antibodies,‘ and ischaemic car- 
diomyopathy is associated with a significantly 
increased frequency of HLA-DRw6 (but not 
HLA-DR4) antigen.” It was possible, 
therefore, to compare the HLA-DR depen- 
dence of anti-f receptor antibodies in these two 
groups of patients. The results of our study 
_ show differences in both the frequency of anti-f 
receptor antibodies and their HLA-DR depen- 
dence between ischaemic and dilated cardio- 
myopathy. About 38% of the dilated 
cardiomyopathy patients had antibodies 
` detectable with the ligand binding inhibition 
assay compared with 22% of these with 
ischaemic heart disease. In both groups, there 
was a striking negative correlation between the 
presence of antibodies and the HLA-DR3 
phenotype, raising the possibility that HLA- 
DR3 may have a protective influence against the 
development of autoantibodies. It is likely that 
the antibody response is secondary to an initial 
myocyte damage (neither ischaemia or car- 
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diomyopathy) and this is more prone to occur 
in patients without the HLA-DR3 phenotype. 
The higher frequency of antibodies in dilated 
cardiomyopathy. may reflect differences in the 
type of autoantigen exposure. 

Associations with HLA-DR have typically 
been described in diseases for which an auto- 
immune aetiology has been either shown or 
strongly suggested. For at least some cases of 
dilated cardiomyopathy, a plausible role for 
autoimmunity - has been suggested, this 
involves an initial cardiac damage (possibly 
virus induced) that exposes autoantigens, 
induction of abnormal expression of class II 
HLA antigens, and presentation of autoan- 
tigens to T lymphocytes.? An immunological 
component to the progression of coronary 
artery disease has also been suggested, 
primarily on the basis of the presence of T 
lymphocytes and macrophages in athero- 
sclerotic lesions.” 1f A substantial proportion of 
these cells are immunoactivated as indicated by 
expression of HLA-DR and interleukin 2. 
receptor molecules. The extent and frequency 
of autoimmune responses in atherosclerotic 
heart disease are currently unknown. It is 
possible that genetic influences, operating 
beyond the level of the recognised ‘“‘risk” 
factors for development of coronary artery 
disease, may control immune mechanisms.-In 
our earlier study, the presence of the HLA- 
DRw6 phenotype in patients with ischaemic 
heart disease correlated most closely with 
family history of heart disease and not with the 
other risk factors, such as lipid abnormalities, 
diabetes, smoking, or hypertension.” 

The different HLA-DR dependencies of 
anti-B receptor antibodies in the two diseases 
(dilated and ischaemic cardiomyopathy) would 
appear, at first glance, to argue against a 
common susceptibility of these patients to 
develop autoimmune responses. On the other 
hand, because the HLA-DRwé6 phenotype, 
which is over-represented in ischaemic 
cardiomyopathy,’? was not linked to the 
presence of anti-8 receptor antibodies, a link 
between HLA-DR phenotypes and anti-f 
receptor antibodies and-the pathogenesis of the 
cardiomyopathy cannot be supported. Also, as 
there is evidence that HLA-DR4 and HLA- 
DRI share common epitopes,” it is likely that 
susceptibility to autoimmunity in dilated car- 
diomyopathy is linked primarily to these 
epitopes. If this were the case, development of 
anti-B receptor antibodies in dilated and 
ischaemic cardiomyopathy would be under the 
same immune genetic control. Further studies 
are needed to clarify this issue. 


We thank Drs Maria-Teresa Olivari1, Spencer H Kubo, and 
Gary S Francis for permission to report their patients. 
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Atrial myxoma: tumour or trauma? 


James Nolan, Pauline J Carder, Peter Bloomfield 


Abstract 
A mass lesion developed in the right 
atrium at the site of a trans-septal punc- 
ture after percutaneous balloon dilata- 
tion of the mitral valve in a man aged 74. 
The lesion had the pathological 
appearance of an atrial myxoma and 
seemed to have developed after trauma 
to the intra-atrial septum. 

This case suggests that at least some 
atrial myxomas are reactive rather than 
neoplastic in origin. 


Case report 
The patient, a 74 year old man, had acute 
rheumatic fever as a child. He presented with 
heart failure and atrial fibrillation aged 61. 
Mitral stenosis was diagnosed and he was 
treated successfully with digoxin, diuretics, 
and warfarin. 

Signs and symptoms of mitral stenosis 
progressed over the next 11 years until he was 


admitted to hospital in April 1988 aged 72 
with breathlessness at rest and signs of 
congestive cardiac failure. Cross sectional 
echocardiography confirmed severe calcified 
mitral stenosis with an enlarged left atrium, 
right ventricle, and right atrium. No other 
intracardiac abnormalities were detected (fig 
1A). His poor general condition and severe 
chronic obstructive pulmonary disease (forced 
expiratory volume in the first second 0-7 litres) 
was thought to preclude surgical valve 
replacement and he was considered for 
balloon dilatation of the mitral valve. As part 
of his assessment for valve dilatation multiple 
echocardiographic views of both atria and the 
intra-atrial septum were obtained to exclude 
the presence of intra-atrial clot. No abnor- 
mality was detected within either atrium at 
this time. 

Percutaneous balloon dilatation of the 
mitral valve was performed on 7 April 1988. 
The haemodynamic findings were mean trans- 
mitral gradient 11 mm Hg, pulmonary artery 


p 99:17:58 





Figure | (A) Apical four chamber echocardiogram obtained before balloon dilatation of the mitral valve showing a 
heavily calcified rheumatic mitral valve, a large left atrium (LA), volume loaded right ventricle and right atrium 
(RA), but no evidence of a right atrial mass lesion, (B) Preoperative apical four chamber echocardiogram showing a 
large mass lesion in the right atrium (RA) attached to the intra-atrial septum (white arrow). (C) Preoperative 
parasternal short axis echocardiogram showing a mass lesion (white arrow) in the right atrium (RA). (D) 
Preoperative subcostal echocardiogram showing a mass lesion (white arrow) in right atrium (RA). 
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(A) Complex trabecular network of vascular strands within the atrial 


myxoma | vriginal magnification x 40, haematoxylin and eosin stain). (B) Positive 
immunohistochemical staining for CAM 5-2, a marker of epithelial differentiation 
(original magnification, x 100, CAM 5-2), 


pressure 66/30 mm Hg, and cardiac index 
2:23 |/min/m*. The coronary arteries were 
normal and left ventricular function was good. 
The procedure was initially uneventful, but 
after three dilatations of the mitral valve acute 
tamponade developed owing to a perforation 
of the left ventricle. Emergency thoracotomy 
was undertaken and a left ventricular tear was 
repaired successfully. The patient made a 
satisfactory recovery from this procedure and 
was subsequently discharged home. At follow 
up in the outpatient clinic his exercise 
capacity remained unacceptably limited by his 
unrelieved severe mitral stenosis. 

Because of his persisting severe symptoms 
the patient was considered for elective mitral 
valve replacement. As part of his preoperative 
assessment echocardiography was repeated on 
27 April 1989. This study showed a ped- 
unculated lesion in the right atrium attached 
to the intra-atrial septum at the site of the 
previous trans-septal puncture. This lesion 
was large, easily visible, and present in multi- 
ple views (fig 1B, C, and D). 
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At operation on 7 August 1989 his heavily 
calcified stenotic mitral valve was replaced 
with a Carpentier-Edwards prosthesis. Within 
the right atrium was a pedunculated mass 
measuring 3 cm by 2 cm attached to the intra- 
atrial septum at an area of obviously abnormal! 
endothelium thought to be the site of the 
trans-septal catheterisation. The mass and the 
abnormal endothelium were resected unevent- 
fully. 


PATHOLOGY 

Histological examination of the resected tissue 
showed a somewhat lobulated contour to a 
lesion containing polygonal and stellate cells, 
forming cords, clusters, and vascular channels 
within a loose myxoid matrix. In some areas 
there were dense trabecular networks of inter- 
communicating strands (fig 2A). There was 
focal haematopoiesis and the stroma was 
alcianophilic. Immunohistochemistry showed 
positive staining for Factor VIIIrAg (Dako, 
Buckinghamshire) which was most prominent 
in the lining of the vascular channels. There 
was widespread positivity for vimentin (Dako) 
and intense staining of single cells for PGP 9-5 
(Ultraclone, Cambridge), and NSE (Dako). 
There was focal positivity for CAM 5-2 (Bec- 
ton Dickinson, Oxford), a marker of epithelial 
differentiation (fig 2B). The appearances were 
those of an atrial myxoma. 


Discussion 

There is still controversy about the patho- 
genesis of atrial myxoma. Occasional cases 
with chest wall invasion,' distant metastases,’ 
or chromosomal abnormalities,’ suggest that 
some at least are neoplastic. Histologically, 
however, atrial myxoma has features in 
common with organising thrombus and 
some workers maintain that it is essentially a 
reactive proliferative phenomenon.’ Indeed 
distinguishing myxoma from thrombus can 
occasionally pose problems for the patholo- 
gist. Myxomas have also been reported to 
show osseous, chondroid, and even glandular’ 
differentiation. 

The myxoma in our patient, as well as 
having a population of bizarre mesenchymal 
cells within a loose myxoid matrix, also con- 
tained foci of haematopoiesis and had 
immunohistochemical evidence of epithelial 
differentiation. Such features would be most 
unlikely in thrombus and warrant a diagnosis 
of myxoma. 

This right atrial myxoma seems to have 
developed after iatrogenic trauma to the atrial 
septum. The lesion seems to have developed 
rapidly over a 12 month period between the 
pre-dilatation and preoperative echocar- 
diograms. It is unlikely that the lesion was 
present but not seen on the echocardiogram 
before the attempted balloon dilatation. 
Neither of the two separate echocardiographic 
examinations performed before the procedure 
with multiple views of both atria and the 
intra-atrial septum showed a lesion. All the 
echocardiographic recordings in this patient 
were performed by the same experienced 
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operator. Furthermore, the mass lesion 
subsequently detected was large and easily 
visualised in three separate standard echo- 
cardiographic views. 

This association has not been reported 
before, despite the fact that trans-septal punc- 
ture is a relatively common procedure world- 
wide; this may reflect the fact that such an 
association is uncommon. The degree of 
trauma to the intra-atrial septum caused by 
balloon dilatation of the mitral valve is greater 
than that occurring in diagnostic septal punc- 
tures and this may provide a greater stimulus 
for the development of a reactive lesion. Close 
echocardiographic surveillance of patients 
after balloon dilatation of valves may shed 
more light on the incidence of this complica- 
tion. 

This lesion, which had clear cut patho- 
logical features of an atrial myxoma, seems to 
have developed in a 12 month period between 
two consecutive echocardiograms. The close 
temporal relation with atrial septal trauma in 


this patient supports the concept that local 


Nolan, Carder, Bloomfield 


tissue injury initiates cell oe in the 
endocardium. 

We believe that it is important to alert 
interventional cardiologists to the occurrence 
of this phenomenon and we hope that by 
doing so more information will be gathered 
about the incidence of myxoma after 
iatrogenic trauma to the heart. In addition our 
case serves to reopen the debate about the 
pathogenesis of intracardiac myxomas. 


We thank Mr C Campanella for his help in preparing this 
paper. 
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Endocarditis with aneurysm involving an aortic 
homograft used to correct a truncus arteriosus: 


medical-surgical salvage 


Mary Allen Engle, Samuel J Lang, Paul Edelson 


Abstract 

An aneurysm of an aortic homograft 
conduit, used to correct a type I truncus 
arteriosus anomaly in a four month old 
infant, developed when the patient was 
15. Blood cultures grew Staphylocuccus 
aureus. The aneurysm was detected by 
magnetic resonance imaging and digital 
subtraction angiocardiography. An 
emergency open heart operation, guided 
by these investigations, was performed 
to remove the original homograft and 
replace it with another valved aortic 
homograft. Postoperative antibiotic 
treatment had to be stopped when 
profound neutropenia developed. This 
responded to treatment with recombin- 
ant human granulocyte colony stimulat- 
ing factor. 

Three years later she was symptom 
free and did not require medication. 
Chest x rays and echocardiograms 
showed a normally functioning heart 
and conduit valve. 


We report the successful outcome of two life- 
threatening events 15 years after placement of 
an aortic homograft conduit to repair a trun- 
cus arteriosus. 


Case report 

HISTORY 

An aortic homograft and closure of the ven- 
tricular septal defect were used to repair a 
type I truncus arteriosus in a four month old 
baby who was born prematurely and weighed 
1390 g at birth and 3 kg at surgery.' She did 
well under regular cardiological follow up, 
though the conduit became calcified and sys- 
tolic and diastolic murmurs of conduit valve 
stenosis and regurgitation developed. Cardiac 
catheterisation when she was three years old 
and seven years old showed gradients across 
the homograft of 28 and 25 mm Hg respec- 
tively between the right ventricle and pul- 
monary artery. Doppler echocardiography at 
10 and 13 years showed a systolic pressure 
drop of 44 mm Hg along the conduit. Mag- 
netic resonance imaging at 12 years displayed 
flow through the conduit. 


PRESENT ILLNESS 
At the age of 15 she had fever for one week, 


which did not respond to oral erythromycin. 
Examination showed splenomegaly and the 
systolic and early diastolic murmurs noted 
earlier. The cardiac contour and size as well as 
pulmonary vascularity and parenchyma were 
normal on the radiograph. Continuous wave 
Doppler echocardiography showed a pressure 
drop of 100 mm Hg at the proximal end of the 
conduit. Blood cultures grew Staphylococcus 
aureus that was resistant to erythromycin but 
sensitive to nafcillin, gentamicin, and van- 
comycin. 


COURSE 

Despite treatment with intravenous nafcillin 
and gentamicin, temperature spikes persisted 
each afternoon. Over the next four days she 
developed bilateral pleural effusions, pericar- 
dial effusion, and signs of right-sided cardiac 
failure. Digoxin and diuretics were added to 
the regimen. Three days later a chest x ray 
showed nodular densities in both lung fields 
and a rounded prominence in the region of the 
outflow tract of the right ventricle that rapidly 
increased in size. A computed tomographic 
scan of the chest, with contrast enhancement, 
identified pleural and pericardial effusions as 
well as infiltrates in the lower lobes. Digital 
subtraction angiocardiography (DSA) (fig 1) 
and magnetic resonance imaging (MRI) (fig 2) 





Digital subtraction angiocardiogram showing 
the aneurysm (AN) superimposed on the conduit ( C 
The aneurysm continued to the left and right pulmonary 
arteries (LPA, RPA) and the right atrium (RA) and 


Figure 1 


ventricle (RV) were dilated. 


410 


Figure 2 Magnetic 
resonance imaging (axial 
view) showing maximal 
dilatation of the aneurysm 
(AN) and its relation to 
the overlying sternum and 
to the aortic root ( Ao) 
and the right and left atria 
(RA and LA). An arrow 
points to the infarct. 
Pleural effusions were 
present. 





confirmed the suspicion of aneurysm where 
the conduit connected with the right ventricle 
and of haemorrhagic infarcts in both lung 
fields with bilateral pleural effusions. 


SURGERY 

Open heart surgery was undertaken as an 
emergency to remove the aneurysm and the 
original homograft and replace it with another 
valved aortic homograft. Because MRI and 
DSA had shown that the aneurysm was con- 
tiguous anteriorly with the sternum (fig 2) a 
right thoracotomy was used for cannulation of 
the venae cavae and aorta. When the median 
sternotomy incision was reopened and the 
sternum divided, the aneurysm was indeed 
entered, but cardiopulmonary bypass was 
immediately started and bleeding controlled. 
The thin walled aneurysm originated from the 
right ventricle proximal to the graft, which 
was Obstructed by granulation tissue proxi- 
mally but was patent and densely calcified. 
The conduit was removed and the pulmonary 
artery branches were enlarged to accom- 
modate the new, size 21 cryopreserved aortic 
homograft. Systolic pressure measured in the 
right ventricle when the patient’s condition 
was stable off bypass was less than half sys- 
temic pressure. Microscopy of the removed 
graft showed calcified, focally necrotic connec- 
tive tissue containing many Gram positive 
cocci. The aneurysm contained dense connec- 
tive tissue and granulation tissue with acute 
and chronic inflammation. Cultures yielded no 
growth. 


Relation of white blood counts to operation and treatment 
with granulocyte stimulating factor (GSF) 


Absolute 
Day White blood neutrophil Day of 
postop cells) jl count) jul GSF 
0 14 600 12 100 
3 11 100 10 700 
6 4500 4100 
7 3100 2480 
R 1200 620 
9 1000 160 
10 600 0 0 
12 400 0 l 
13 600 0 2 
14 1000 0 3 
15 2600 30 4 
16 4000 1200 5 
17 4700 3290 6 
18 10 900 8070 7 
19 7300 5620 S 
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POSTOPERATIVE COURSE 

Treatment with nafcillin and gentamicin was 
continued. On the third postoperative day 
when a rash appeared, intravenous amikacin 
replaced gentamicin. Neutropenia began to 
develop on the sixth day (table); so nafcillin 
was stopped and vancomycin started. Three 
days later, oral ciprofloxacin was added. Her 
temperature rose intermittently to 39-6°C. 
Neutropenia became profound: total white 
blood cells 400-600/1 with absolute neutro- 
phil counts of 0 (table). A bone marrow 
biopsy specimen was markedly hypocellular, 
with fully maturing erythroid elements and 
megakaryocytes but virtual absence of 
myeloid elements. The peripheral blood did 
not contain neutrophil antibodies. 

We obtained permission from the Food and 
Drug Administration, from the manufacturers 
(AMGEN), and from the Institutional Com- 
mittee on Human Rights in Research for the 
compassionate use of recombinant human 
granulocyte colony stimulating factor (rhG— 
CFS).* Recombinant rhG-GSF in a daily 
dose of 3 g/kg per day was chosen because of 
previous experience in children with con- 
genital or chemotherapy-induced neutropenic 
disorders.’ ’ This agent was administered sub- 
cutaneously for 14 successive days. The white 
blood cell count began to increase (table) to a 
normal number of white blood cells and 
neutrophils by the seventh day of treatment 
with rhG-CSF. After two weeks the count 
reached 15 800/ul. As the count rose she 
became afebrile and continued so. After the 
fifth day without fever she was discharged; she 
was treated oral ciprofloxacin for two more 
weeks. 

In the next three years she remained symp- 
tom free and did not require medication. 
Chest x ray showed that the size and contour 
of the heart were normal, and echocardio- 
graphy showed normal function of the 
myocardium and conduit valve. 


Discussion 
This patient had endocarditis with a rapidly 
expanding aneurysm, considerable obstruc- 
tion to right ventricular outflow, and emer- 
gency cardiac surgery. She also had another 
life-threatening complication—a severe reac- 
tion to one or more of the intravenous 
antibiotics needed to control the infection. 

When the aneurysm appeared and expan- 
ded during the course of antibiotic treatment, 
two non-invasive diagnostic tests (DSA and 
MRI) showed the proximity of the aneurysm 
to the overlying sternum and this information 
helped us to plan the life-saving operation. A 
review of 143 episodes of endocarditis in chil- 
dren between 1950 and 1988 noted that 23 
patients needed cardiac surgery, seven of 
these for resections of infected areas, chiefly 
related to the ductus or coarctation of the 
aorta." 

When profound neutropenia appeared we 


sought permission to use a regulatory 
glycoprotein that stimulates neutrophil 
granulocyte production from committed 


haematopoietic progenitor cells both in vitro 
and in vivo. In addition it modulates multiple 
differential functions of mature neutrophils.’ 
Thus this agent enabled her neutrophils to 
recover and to function. 

Medical and surgical management enabled a 
patient as an infant to survive not only con- 
siderable prematurity but also open heart 
surgery by a new procedure (to construct a 
pulmonary artery conduit) not previously 
carried out in such a small baby.’ In adoles- 
cence staphylococcal endocarditis with an 
expanding aneurysm associated with the 
homograft and with the profound neutropenia 


related to the antibiotics responded to medical 


and surgical treatment. 


We thank Dr Peter Kosovsky for magnetic resonance imaging, 
Dr Eric F Grabowski and Dr Janice O Gabrilove for use of the 
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granulocyte-stimulating factor, Dr John E O'Loughlin and Dr 
Michael S Snyder for interpreting the echocardiograms, and 
Mr Richard Fischer for MRI photography. 
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Working party report on cardiac rehabilitation 


J Horgan, H Bethell, P Carson, C Davidson, D Julian, R A Mayou, R Nagle 


1 Introduction ' . 
1.1 Cardiac rehabilitation can be defined as 
the process by which patients are restored to 
and are maintained in their optimal physio- 
logical, vocational, and social status. It is a 
multidisciplinary approach to improve short- 
term recovery and to ‘promote long-term 
changes in lifestyle which correct adverse risk 
factors. 

1.2 Ischaemic heart disease remains the com- 
monest cause of cardiac death in western 
societies and the highest rates in the world are 
found in parts of the British Isles. In most 
district general hospitals myocardial infarction 
and other coronary syndromes are ‘the largest 
single diagnostic category for patients admitted 
to general medical beds. For a population of 
200 000 this usually means that between 200 
and 600 patients per year would be suitable for 
cardiac rehabilitation depending on the local 
prevalence ‘of disease. In addition increasing 
numbers of patients are being treated by coro- 
nary artery bypass grafting or angioplasty. 
Two thirds of these people could be expected to 
resume their normal daily duties either at work 
or at home. 

1.3 The first cardiac rehabilitation service was 
set up in the United Kingdom over 20 years 
ago, but despite the large numbers of patients 
who might benefit, only a few have facilities 
available to them now; this is largely because of 
a divergence of opinion among cardiologists 


and physicians about the physical and psycho- ` 


logical benefits of rehabilitation. 


.2 Development worldwide | 


2.1 The finding in the 1950s that coronary 
patients have responses to exercise that are 
simular to normal, but modified by decondition- 
ing, led to the use of physical training to aid 
postinfarction recovery.’ Israel was the cradle 
of the large scale rehabilitation effort.”* As early 
as 1955 Gottheiner* stated his approach to 
training coronary patients and by 1968 had 
experience of over 1000 patients who had 
training for at least five years. At the same time 
Hellerstein and Ford (1957) in Cleveland, 
Ohio, produced guidelines for cardiac re- 
habilitation at exercise centres: many of these 
have not been improved upon since. 

2.2 During the 1960s and 1970s coronary 
rehabilitation spread through North America®’ 
and Europe?’ and has now become an estab- 
lished treatment for postinfarction patients in 
many countries. The trend has moved away 


from. long-term -supervised exercise to short 
courses of physical training after the acute 
illness with encouragement to patients to con- 
tinue exercising unsupervised thereafter. 

2:3 There is still-much disparity between 
centres in the structure of these programmes; 
this was partly responsible for the ending of the 
huge World Health Organisation multicentre 


‘controlled trial -of postinfarction rehabili- 


tation” before any firm conclusions could be 
reached. ; 

2.4 Even now cardiac rehabilitation means 
very different things in different countries. In 
the United States and parts of Europe re- 
habilitation programmes have a large capital 
investment which is little less than for a full 
physiological laboratory and are able to under- 
take sophisticated objective measures of a 
patient’s progress. In Germany and Italy there 
are well established inpatient programmes last- 
ing several weeks.. In the United Kingdom, by 
contrast, most programmes are outpatient 
based, concentrate on patients in the first few 
months after myocardial infarct or cardiac 
surgery, and do not attempt to undertake long- 
term ‘training. 


3 Role of exercise 

3.1 For many years there has been interest in 
the relation between coronary heart disease and 
physical activity. Epidemiological research 
began almost 40 years ago,” but it was not until 
1984 that evidence became available that sug- 
gested that athleticism reduces the incidence of 
coronary heart disease.’? A recent prospective 
study showed that a low level of physical fitness 
is an important risk factor in both men and 
women and that high levels seem to delay all- 
cause mortality and specifically to reduce mor- 
tality caused by cardiovascular disease and 
cancer.’ ` 

3.2 In patients with established cardiac dis- 
ease the evidence for improved survival with 
rehabilitation is increasing. An overview of 22 
randomised trials of exercise based rehabili- 
tation after myocardial infarction in 4554 
patients showed a 20% reduction in overall 
mortality. This was reflected in a decreased risk 
of cardiovascular mortality and fatal reinfarc-~ 
tion for at least three years and a reduction in 
sudden death for at least a year after myocardial 
infarction (fig 1).'* A similar meta-analysis of 10 
trials concluded that comprehensive cardiac 
rehabilitation had a beneficial effect on mor- 
tality, but not on non-fatal recurrent myocar- 
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Figure} Effect of cardiac rehabilitation on mortality and re-infarction after 
myocardial infarction. Data taken from the meta-analysis of 22 trials by O’ Connor 
et al” showing the point estimates of the odds reduction (vertical lines) with 95 2 
confidence intervals {horizontal lines). 


dial infarction. These reductions in mortality 
compare favourably with many other currently 
accepted treatments in ischaemic heart disease 
(for example, prophylactic f blockade). 

3.3 Dynamic training in a healthy person 
causes morphological changes in the heart and 
physiological hypertrophy may occur, with 
dilatation of all chambers leading to an adaptive 
net increase in heart size. As a consequence of 
these changes there is an increase in stroke 
volume at rest and during exercise. A trained 
individual will show a higher arteriovenous 
oxygen difference at maximal values. The cate- 
cholamine concentrations of trained indi- 
viduals are lower for comparable workloads 
and because of a decrease in sympathetic tone, 
the heart rate is slower. Consequently the same 
cardiac work can be performed more econo- 
mically because heart rate and contractility are 
important determinants of myocardial oxygen 
consumption. Slowing of the heart rate also 
increases the duration of diastole thus increas- 
ing myocardial perfusion time, which may have 
additional protective benefit. 

3.4 Many studies have shown an improve- 
ment in exercise tolerance with physical train- 
ing in patients with cardiovascular disease. Yet 
left ventricular function is often unchanged, 
lending support to the hypothesis that such 
improvement is due to peripheral adjust- 
ments.'* Groups of patients undergoing sus- 
tained training for longer than one year have 
shown increases in stroke volume," ejection 
fraction, ° myocardial contractility, left ven- 
tricular end diastolic dimensions; posterior left 
ventricular wall thickness, and left ventricular 
mass.” Given the considerable individual 
expressions of ischaemic heart disease these 
factors probably inter-react to a variable degree 
and further study is required. 

3.5 Until recently dynamic training has been 
the primary method applied to patients with 
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cardiovascular disease. However, recent work 
has suggested that static (resistance) training 
can be carried out with safety in coronary artery 
disease and that beneficial effects can be 
obtained.” 

3.6 Early mobilisation after myocardial 

infarction and coronary artery bypass graft 
surgery is known to be beneficial,” * although 
there continues to be debate concerning how 
soon after a cardiac event exercise training 
should begin. While some programmes start 
relatively vigorous exercise training within two 
to three weeks, most programmes introduce 
patients within four to six weeks of myocardial 
damage or cardiac surgery. 
3.8 Patients of all ages should be considered 
for exercise training provided there is no 
neurological or locomotor deficiency that may 
hinder performance or predispose to imjury. 
Recent work has shown a definite benefit of 
exercise training in patients with class I] and 
ILI heart failure” and after transplantation.” 
To date there has been little interest in other 
groups that could show a similar response. 


4 Psychological aspects of rehabilitation 
4.1 The medical and psychological outcomes 
for patients who have had myocardial infarc- 
tion or bypass graft surgery may be indepen- 
dent of one another. Psychosocial problems 
have been shown to be common in patients with 
an otherwise good recovery.” Anxiety and 
depression have been reported in a consider- 
able minority for at least one year after myo- 
cardial infarction and are associated with poor 
occupational and social adjustments.” Similar 
psychological disturbances are common during 
the early phases of recovery after cardiac sur- 
gery and have been shown to inhibit long-term 
outcome. Disturbed behaviour can be recog- 
nised during the stay in hospital, but it is often 
easiest to identify at risk patients a few weeks 
later when they have returned home. Those 
who report distress and poor general progress 
at this stage are more likely to have continuing 
problems. 

4.2 Some patients minimise the seriousness 
of their illness by denial; this may improve 
short-term recovery during the acute phase but 
these patients may be more vulnerable during 
transfer or hospital discharge. It has been 
shown that patients’ decisions and behaviour 
are mainly guided by their personal interpre- 
tation of illness,” and these assessments may 
not accord with the physician’s view of the 
patient’s state of health. Such discordance can 
lead to psychological disturbance and prolong 
the recovery phase. Persistent emotional 
problems are associated with poor compliance 
with medical advice and treatment and lead to 
unnecessary disability. Close relatives often 
suffer considerable distress and can substan- 
tially influence convalescence. 

4.3 Many patients are reluctant to bother 
their doctors with worries about their illness 
and must be given the opportunity to discuss 
their concern about the implications of heart 
disease for the future. Misunderstandings can 
easily arise because standard booklets and 
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explanations do not meet the patient’s own 
individual fears and needs. Rehabilitation 
programmes should provide good varied writ- 
ten information supplemented by individual 
discussion and counselling where needed. 
Spouses should be active in this process. 

4.4 Systematic monitoring of mental state 
and of progress in physical activity, work, 
leisure, and sexual expression helps to identify 
emotional problems early in the rehabilitation 
course. Determinants include previous psy- 
chological problems or poor social adjustment, 
major cardiac complications, overprotective 
family, and those patients whose livelihoods 


- depend on physical activity. Recognition of 


such problems may be more easily discovered 
from relatives than from the patients them- 
selves. A proportion of such patients need 
access to more specialist help for stress 
management, depression, and behavioural 
treatment. 

4.5 Some psychosocial benefits may be ob- 
tained by means of physical conditioning,” and 
education; both individual and group counsell- 
ing together with the provision of stress man- 
agement strategies and relaxation training are 
an integral part of many programmes. How- 
ever, definite evidence of the effectiveness of 
these approaches is lacking. This lack of infor- 
mation partly reflects the dearth of good 
measures of outcome and the difficulty in 
setting up controlied trials in this area. The 
development of newer and more suitable tech- 
niques for the evaluation of the psychological 
effects of cardiac rehabilitation is necessary and 
will prove instructive. 


5 Vocational aspects 

5.1 Return to work is usually an explicit aim 
of cardiac rehabilitation. Whereas most 
patients do return to work, reports from most 
countries indicate that a considerable number 
of patients fail to return to work after myo- 
cardial infarction and bypass graft surgery. 
Those factors which favourably dispose to 
return to work are a satisfactory preinfarction 
work status, high educational level, social rank- 
ing, good exercise tolerance, absence of symp- 
toms and the patient’s own assessment of 
physical status. i 

5.2 Undoubtedly, many aspects of the work 
environment are beneficial: work gives a sense 
of purpose and establishes a sense of identity, it 
provides relationships outside the family, and 
is a source of obligatory activity and discipline 
with an opportunity to develop creative skills. 
These ideal concepts of the workplace, how- 
ever, are not the experience of all workers and 
many encounter poor job satisfaction, inter- 
personal tensions, and communication diffi- 
culties; they cannot cope with technological 
advances and are disturbed by the potential of 
redundancy. Shift work is a particular problem 
for patients with cardiac disease. 

5.3 Recently published guidelines” aimed at 
increasing the number of patients returing to 
work emphasise that vocational services need to 
be involved early in the rehabilitation process 
because prolonged inactivity can lead to per- 
manent invalidism. To this end, job character- 
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istics should be evaluated—taking into account 
energy expenditure, psychological stress, risks 
involved, shift work, the use of heavy or 
vibratory equipment, and exposure to toxic 
substances. Good communications between 
the medical staff and those providing vocational 
counselling about medical status, exercise 
tolerance, and psychological outcome are 
essential because doctors have a major role in 
deciding whether or not a patient returns to 
work, and generally base this decision 
exclusively on physical criteria. 

5.4 Most studies have shown -that un- 
employment is greatest in those in the lower 
socioeconomic sector carrying out physically 
demanding jobs, and for such patients work 
assessment units have been shown to be of 
value in establishing work potential and where 
possible, directing patients to more suitable 
employment. Direct contact between voca- 
tional counseliors and employers has also been 
shown to improve the capability to return to 
work. 

5.5 The primary goal of such services must be 
to return patients to work that is compatible 
with their functional capability and adjustment 
may be helped by changing to employment or 
activity that is more appropriate to their 
current physical and psychological state. The 
option of giving up work is often overlooked. 
The impact of this aspect of vocational coun- 
selling on quality of life and longevity deserves 
evaluation because resumption of work is lar- 
gely determined by factors such as age, severity 
of disease, educational level, and adequacy of 
pension and retirement benefits, which cardiac 
rehabilitation cannot influence. 


6 Setting up a coronary rehabilitation 
programme l 

6.1 There is no ideal rehabilitation 
programme that will encompass the needs of 
every patient, and most courses evolve to suit 
the needs of most patients with the resources 
then available. The programme should offer a 
range of components with specific advice con- 
cerning mobilisation, work, and changes in 
lifestyle directed at improving prognosis (fig 2). 
Cardiac rehabilitation should begin as soon as 
possible within the hospital environment, and 
the clinician should identify whether the 
patient falls into a low or high risk group for 


rehabilitation, preferably with the help of a 


pre-discharge exercise test. Relevant family 
members should be involved at these early 
stages. 

6.2 An exercise programme forms the basis 
around which the various other measures 
embodied in the rehabilitation concept can be 
established, Flexibility in terms of early or late 
entry to the programme is essential, but most 
patients are ready to join a supervised exercise 
training programme 4-8 weeks after cardiac 
surgery or myocardial infarction. Before formal 
training a symptom limited submaximal (85% 
maximum) exercise test is recommended. 
Training methods to sustain heart rates of 70- 
85% of that achieved at the initial exercise test 
are provided up to three times a week for at 


‘-least 30 minutes for 6-12 weeks. Exercise for 
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EVENT 


EXPLANATION — medica! 


INFORMATION — risk factors 
~ medication 
~ work prospects 
~ prognosis 


PHASE | 
in hospital 







MOBILISATION 
Pre-discharge EXERCISE TEST 






ANGIOGRAM REHABILITATION SECONDARY 
PREVENTION 


è standard programme ® B blockers 
è modified programme ® aspirin 
PCTA è unsuitable è anticoaquiants 
PHASE ll 
HOME 2-6 weeks 


CONTINUED MOBILISATION 
LINK TO HOSPITAL 
GP INVOLVEMENT 


EXERCISE TEST - functional assessment PHASE Ill 


6-12 weeks 
EXERCISE TRAINING FORMAL GROUP 


SESSIONS e dietician 
è psychologist 
è vocational counsellor 
è pharmacist 


EXERCISE TEST — training assessment 







OUTPATIENT REVIEW PHASE IV 


Continued exercise as prescribed 
intermittent reinforcement of advice 


Figure 2 Scheme for patient management incorporating rehabilitation after 
myocardial infarction or cardiac surgery. 


coronary patients should be mainly aerobic and 
include the use of treadmill, bicycle ergometer, 
steps, rowing machine, handcrank, jogging, 
and mini-trampoline. Some strength training 
can be also applied by the use of light weights. 
Warmup and cooldown routines are essential. 
On the days when formal exercise training is 
not taking place, walking or cycling for not less 
than 30 minutes is also recommended. 

6.3 Training can take place in a hospital 
gymnasium, physiotherapy department, or a 
specific area within the department of car- 
diology, if such is available. Staff should be fully 
trained in cardiopulmonary resuscitation and 
relevant medications, and a defibrillator must 
be to hand. In such an environment continuous 
electrocardiographic monitoring will be neces- 
sary if certain high risk groups participate 
(table). Community sports centres are also 
satisfactory areas for the provision of exercise 
training. A low rate of cardiac complications 
has been reported for such programmes.” ™ 
Low risk patients can perform most of these 
exercises at home.” 
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6.4 A long-term programme for regular exer- 
cise should be available for all patients on 
completion of the formal exercise training 
period and a system of regular re-evaluation is 
recommended because with time many patients 
return to their previous unsatisfactory life- 
styles. With the constraints on hospital re- 
sources these more long-term facilities may be 
more readily available from self help groups in 
the community. Those running hospital based 
programmes should, if possible, laise with 
those running programmes in the community 
and establish a standard continuation protocol. 
6.5 A nurse or physiotherapist is the most 
likely person to co-ordinate the rchabilitation 
programme. Such an individual should be 
familiar with all the disciplines involved in 
cardiac rehabilitation and be fully trained in 
cardiopulmonary resuscitation. The services of 
a dietitian, psychologist, pharmacist, voca- 
tional counsellor, and social worker should be 
included where appropriate. A continuous 
medical presence at exercise sessions or educa- 
tional periods is not essential but regular atten- 
dance shows continuing interest in patient 
welfare, and affords a valuable opportunity to 
observe progress, alter treatment, and to 
answer questions. 

6.6 Group sessions should be established in 
association with the formal exercise 
programme and should include spouses. These 
sessions should impart information on the 
nature of coronary artery disease and provide 
advice on a healthy lifestyle, with specific atten- 
tion to smoking cessation and risk factor man- 
agement in general. Work related problems 
must be addressed individually. Stress man- 
agement and relaxation therapy should be 
available and spouse interviews should take 
place. Simple clearly written literature should 
be made available and discussed. 

6.7 It may not be necessary for all patients to 
be exposed to every aspect of the rehabilitation 
programme. Selective use of areas where 
specific advice and intervention are perceived 
necessary can be valuable, and extended use of 
these facilities should be made available to the 
minority of patients requiring them. This may 
be important for women and certain ethnic 
groups who may find the standard exercise 
programme unappealing or even intumidating. 
6.8 The capital costs of setting up a rehabili- 
tation programme are relatively small, given 
that most Health Districts have access to 
adequate gymnasium facilities either within the 
hospital or outside. Little extra equipment is 
required unless it is decided to monitor the 
high risk individual by telemetry. Staff costs 
will depend on the complexity of the pro- 
gramme, the number of patients, and the 
duration of treatment. Experience from within 


High risk patients who may require more intensrve 
monitoring during cardiac rehabilitation 





Survivors of sudden cardiac death, especially unrelated to 
infarction 

Low left ventricular ejection fraction ( < 35%) 

Complex ventricular arrhythmias, especially if exercise related 

Exercise induced hypotension 

Continuing effort angina 


me 
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Figure 3 Number of new 
cardiac rehabilitation 
programmes established 
each year. 


the working party suggested that approximate 
running costs per patient session were £15 fora 
fully monitored unit in a cardiac centre, £5 for 
a district hospital, and £4 for a community 
based programme. 

6.9 At present there is no nationally co-ordi- 
nated scheme for training in cardiac rehabili- 
tation, and those interested in starting a course 
usually visit another centre informally or 
attend one of the courses held periodically at 
one of the established centres. Counselling is an 
important aspect of rehabilitation which at 
present is often carried out in an amateur 
fashion through lack of more formal training. 


7 Current facilities in the British Isles 
7.1 Cardiac rehabilitation programmes were 
identified by a preliminary enquiry sent by the 
Coronary Prevention Group to 268 cardiac 
care/intensive care units in the United King- 
dom and Republic of Ireland listed in .the 
Directory of Emergency and Special Care Umits. 
‘This was followed by a more detailed question- 
naire sent in mid-1989 to the individual 
(usually the consultant, nurse, or physio- 
therapist) identified as being in charge of the 
programme. A total of 91 established out- 
patient programmes were identified: 88 in hos- 
pitals (87 in the United Kingdom and one in the 
Republic of Ireland), and three in the commu- 
nity. These figures show that considerably less 
than half the Health Districts in the British 
Isles have an established rehabilitation 
programme. 

7.2 Although some courses had been estab- 


. lished for almost 20 years, an increasing num- 


ber of programmes had been established in the 
past five years, 32 of them in the previous two 
years (fig 3). The size of these programmes 
varied considerably; the numbers of patients 
completing outpatient cardiac rehabilitation in 
the year January to December 1988 were as 
follows: less than 50 patients/year, 14 centres; 
50-100 patients/year, 27 centres; 100-200 
patients/year, 17 centres; 200-500 patients/ 
year, 14 centres. Most centres treated patients 
after both myocardial infarction and coronary 
artery bypass surgery. Twenty two centres also 


‘catered for patients after valve surgery or 


transplant; 14 of these were centres for cardiac 
surgery. 

7.3 Programmes at 50 centres had been 
started at the request of a consultant; the 
remainder were requested by a nurse or 
physiotherapist. There was continuing in- 
volvement of the consultant in 61 hospitals; a 
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cardiologist was involved in only 27 of the 61 

programmes. 

7.4 Physiotherapists were involved in 75 

programmes, dietitians in 65, nurses in 37, 
occupational therapists in 19, psychologists in 
20, social workers in eight, general practi- 
tioners in six and employment advisers in one 
programme. Sessional commitments for all 
disciplines were usually 1-2 hours, with 
physiotherapists involved each week and others 
attending once or twice a month. 

7.5 Most programmes (75) defined some ex- 
clusion criteria. There was an age limit in 47. 
No centres excluded women, but several recor- 
ded problems for women who attended. These 
included family commitments, difficulties with 
transport, and embarrassment in sessions with 
a predominance of men. The commonest car- 
diac conditions to be excluded were arrhyth- 
mias, cardiac failure, and angina. 

7.6 Most courses organised rehabilitation in 
groups. Patients generally started within four 
weeks of myocardial infarction, but a little later: 
after cardiac surgery; and courses lasted 4-12 
weeks. Sessions usually lasted 1-2 hours and 
were held 1-6 times per week. Five centres 
included specific relaxation sessions. Sixty four 
programmes included counselling in the ses- 
sions, usually with the spouse. In addition 39 
centres had a local self help group; in 24 this 
was based in the community and in 15-in-the 
hospital. 

7.7 Formal exercise testing was carried out as 
a routine in only 28 centres before and only 17 
after cardiac rehabilitation, though most- (79) 
carried out exercise testing in selected patients. 
7.8 Staff trained in cardiopulmonary resus- 
citation were present during sessions at all but 
two centres, and resuscitation equipment 
available in all but four. There was medical 
supervision during sessions in 58 centres; in 29 
this was a doctor and in 35 a nurse. All but six 
centres undertook some form of patient mon- 
itoring; in most this was simply pulse or blood 
pressure, but 10 had full electrocardiographic 
monitoring. Only 44 centres reported that they 
had experienced any incidents during an exer- 
cise session. Serious reactions were reported 
from only seven centres in the past year; one 
myocardial infarction, five cardiac arrests, and 
two deaths (one centre. had two incidents). 

7.9 The drop-out rate was estimated to be less 
than 10% in most centres (60 out of 76 
responding). Motivation, transport, medical 
problems, and interference with returning to 
work were all regarded as important reasons for 
non-attendance. 


8 Comment on current provision ; 

8.1 There is a striking lack of cardiac re- 
habilitation facilities in the British Isles at 
present, with large areas of the country offering 
no facilities at all. As a result the full benefit of 
the advances in medical and surgical treatment 
are not being realised. There is, however, a 
growing interest at “grass roots” level which 
may be stimulated by the recommendations 
made-in the recent Royal College of Physicians 


‘report on Medical Aspects of Exercise.” In a 


recent survey by the Coronary Prevention 


Working party report on cardiac rehabilitation 


Group, about one third of Health Districts 
wished to establish a rehabilitation pro- 
gramme, and only one third expressed no 
interest. 

8.2 The level of direct involvement by car- 
diologists in rehabilitation programmes in the 
British Isles is very low, with less than one 
third of established courses retaining the sup- 
port of the local cardiologist. It is perhaps 
surprising that although most cardiologists 
make extensive use of exercise testing after 
myocardial infarction, so few use this to aid 
exercise training. This may reflect the current 
emphasis in training on “high tech” pro- 
cedures rather than a more holistic approach to 
patient care. Nevertheless, the cardiologist will 
remain the most appropriate individual to co- 
ordinate the activities involved in cardiac re- 
habilitation in most district hospitals. 

8.3 The role of cardiac rehabilitation after 
myocardial infarction and coronary artery 
bypass graft surgery is generally established, 
but patients also benefit after cardiac trans- 
plantation or valve surgery. Rehabilitation may 
also be beneficial for patients with angina pec- 
toris who have not yet sustained a myocardial 
infarction, patients with class II or III heart 
failure, after angioplasty, physiological 
pacemaker implantation, and prosthetic valve 
surgery; and in younger patients after correc- 
tion of congenital heart lesions. The disparate 
nature of these groups emphasises the impor- 
tance of tailoring programmes to individual 
patient needs; congenital heart disease patients 
and prosthetic valve recipients may well benefit 
from the non-exercise elements of cardiac re- 
habilitation. 

8.4 Many programmes tend only to include 
patients up to the age of 65 and it is now 
generally agreed that there should be no specific 
age limit; elements of the rehabilitation 
programme applicable to patients in the older 
age groups should be made available. 

8.5 The lower incidence of coronary heart 
disease in women has led to fewer female 
patients being included in programmes. 
Though a training response similar to that in 
men can be obtained, drop-out rates are high 
both in the British Isles” and the United 
States. Therefore, female patients need to be 
encouraged to participate in rehabilitation par- 
ticularly because the psychological and 
vocational aspects of cardiac disease in women 
has attracted insufficient attention. 

8.6 Perhaps because of the pressures under 
which many programmes operate, little atten- 
tion is given to the non-attender. Such patients 
frequently have social or psychological 
problems that place them in a high risk group. 
The rehabilitation co-ordinator 1s probably 
best placed to identify problems that may 
prevent patients attending and bring them to 
the attention of the clinician concerned. 

8.7 If cardiac rehabilitation is to fulfil a long- 
term preventive function there must be more 
emphasis on continuing exercise and risk factor 
modification as seen in North America and 
Europe. This is only feasible on any scale in the 
British Isles with self-help groups, often sup- 
ported by charities such as the Chest Heart and 
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Stroke Association. At present these facilities 
exist in less than 20% of health districts. 
Medical risk factors such as hypertension and 
hyperlipidaemia are the responsibility of the 
primary health care team. 


9 Recommendations 

9,1 Every major district hospital that treats 
patients with heart disease should provide a 
cardiac rehabilitation service; at present too 
few do. 

9.2 The programme should be multidisci- 
plinary and usually exercise based, depending 
on the resources available. A local co-ordinator 
is essential. 

9.3 The expertise available for a comprehen- 
sive programme is available in most district and 
major cardiothoracic centres, but requires con- 
sultant leadership, most appropriately by a 
cardiologist. 

9.4 There is a continued need for research 
into the evaluation of not only the physiological 
response, but also the social and psychological 
aspects of rehabilitation. 

9.5 The role of vocational rehabilitation in 
recovery needs greater recognition. 

9.6 The special problems of women and chil- 
dren and certain ethnic groups need to be 
addressed. 

9.7 Rehabilitation should be tailored to the 
individual needs of patients and special group 
requirements. Arrhythmia monitoring is 
necessary for high risk patients. 

9.8 Individual programmes should evaluate 
their outcome, and a standard format of audit 
could be agreed nationally to allow comparison. 
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commenting on papers that it has published 
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and signed by all authors. 


@ No letter should be more than 600 words. 


@ In general, no letter should contain more 
than six references (also typed with double 
spacing). 


Immunoglobulin response to intra- 
venous streptokinase in acute myo- 
cardial infarction 


SiR —Lynch et als study (British Heart 
Journal 1991;66:139-42) contributes to the 
growing body of information on the immune 
response after administration of intravenous 
streptokinase for acute myocardial infarction. 
The current focus has been on the length of 
the period during which important titres of 
antibodies to and neutralising capacity for 
streptokinase persist (these do not always 
correlate precisely’). Studies by Lynch ez af 
and Jalilal and Morris’ showed that this 
period extends at least to 12 months, and 
further work is awaited to determine the outer 
limit of this period. During this period 
streptokinase should not be readministered 
because of fears of an anaphylactic reaction 
and also that the drug will be neutralised and 
hence ineffective. 

The current recommendations of the 1990- 
91 Data Sheet Compendium are that a second 
dose of streptokinase should not be given 
within a period of five days to six months after 
the first. A recent Drug and Therapeutics 
Bulletin states that this will soon be amended 
to a 12 month interval.* Recent authoritative 
papers’® have been broader in their 
recommendations, suggesting that strepto- 
kinase and anistreplase should not be 
readministered within a year, and the latter 
paper® concluded with the assertion that 
tissue plasminogen activator (alteplase) 
should be used if repeat thrombolysis is 
required (no time limit was stated so it 
presumably extended indefinitely from day 0). 
A policy of not repeating streptokinase for a 
year from day 0 has been widely adopted. 
These conclusions are important because 
alteplase costs ten times as much as 
streptokinase. 

This policy loses sight of the early window 
that exists before the development of a sig- 
nificant immune response to streptokinase. 
This is a worthwhile opportunity given that 
9% of patients will reinfarct in the first year 
after thrombolysis.’ In a substantial number 
of these patients reinfarction requiring repeat 
thrombolysis occurs in the first few days after 
thrombolysis. In White er a/’s 1990 study of 
repeat thrombolysis after myocardial infarc- 
tion 31 patients were treated for recurrent 
myocardial infarction after thrombolysis 
between one and 716 days after initial 
thrombolysis.” The median interval was only 
five days and 10 of the 31 patients were treated 


in the first three days. Lynch et als study 
shows that antibody titres to streptokinase 
(IgG) do not rise above baseline until day 
four, suggesting that a significant immune 
response (either anaphylactic or neutralising) 
is unlikely before this. The work of Massel et 
al on neutralising antibody showed a neutral- 
ising capacity equivalent to 15 x 10° units 
streptokinase between days five and nine in all 
their patients’ (this small study (11 patients) 
may not have adequately defined the normal 
range). This again suggests that there is an 
early opportunity to readminister strepto- 
kinase safely and effectively. Indeed though 
White et al recommended that streptokinase 
should not be readministered within a year 
they did show that readministration within 
this period was effective (albeit with an 
increased incidence of minor side effects), 
This evidence suggests that streptokinase 
can be readministered safely and effectively 
from 0 to 3 days after the initial event. A 
further large study of neutralising capacity 
would be helpful because the most recent 
study dealt only with antibody response and a 
previous study of neutralising capacity was 
small. If this policy is adopted as a refinement 
of the day 0 to one year policy, which seems to 
be emerging, it is likely to have an impact on 
coronary care unit drug bills. 
SCD GRANT 
Department of Cardiology, 
Wythenshawe Hospital, 


Seouthmoor Road, 
Manchester M23 ILT 
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This letter was shown to the authors and an 
advsior, who reply as follows: 


Sir,—We are grateful to Dr Grant for his 
comments. We agree, as stated in our final 
paragraph, that it would be prudent to avoid 
repeating the dose between three days and at 
least one year after the initial treatment with 
streptokinase. After treatment with strepto- 
kinase, the antibody titre (IgG, subclass 
IgGl) virtually disappears, presumably 
because the antibody combines with the 
antigen, streptokinase. Subsequently, there is 
a gradual rise in antibody titre, which does 
not become significantly higher than baseline 
titres until day 4. During this time window of 
0-3 days, when antibody titres are no higher 
than pretreatment titres, it is probably as safe 
and effective to re-administer streptokinase in 
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the event of a repeat infarction as in the case of 
the initial infarct. 

We are continuing to monitor strepro- 
kinase antibody titres in this cohort of 20 
patients, who have now reached the 18 month 
time point. Though they are gradually declin- 
ing, the mean (SD) IgG titres to streptokinase 
are still significantly raised at two years (86-42 
(102-9)) over baseline titres (1463 ©) 
(p < 0-025). Repeat infarction after 72 hours 
and until at least 18 months after the ininal 
infarct should probably be managed with a 
non-streptokinase thrombolytic agent until 
the significance of these antibodies is known. 

MARY LYNCH 

BL PENTECOST 

WA LITTTLER 

| RA STOCKLEY 

Lung Immunobtochemical Research Laboratory and 
Department of Cardiology, General Hospital, 
Steelhouse Lane, Birmingham B4 6NH and 
Deparrment of Cardiology, 

Oueen Elizabeth Medical Centre, 

iirmingham 


Sirn,--Dr Grant raises an interesting point 
about the possible readministration of strep- 
tokinase or streptokinase-containing corn- 
pounds in the first three days after initial 
administration. Specific antistreptokinase 
IgG concentrations initially fall and then 
increase over this time’ and there may be an 
early time window when readmimistravon 
could be safe and effective. However, the time 
course of the immunological response varies 
from patient to patient and individual 
patients may therefore receive ineffective 
therapy if this approach is adopted. 

Readmuinistration of effective thrombolytic 
therapy is important because reocclusion m 
the first few days is associated with poor 
clinical outcome and higher mortality. For 
example, in the TAMI (thrornbolysis and 
angioplasty in myocardial infarction) trials 
patients who had an initially patent artery 
that then reoccluded over the first few days 
had a significant increase in hospital mortality 
from 45% to 11% (p = 0-01) 

Other thrombolytic agents available such 
as urokinase or alteplase can be used without 
raising concern about the effectiveness of 
readministration. It seems prudent, 
therefore, not to readminister streptokinase 
or compounds containing streptokinase in the 
first few days unless evidence emerges that 
high titres of antistreptokinase IgG or high 
neutralisation titres do not compromise safety 
or efficacy. 

HARVEY WHITE 
Green Lane Hospital, 
Auckland, 

New Zeaiand 
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Myocardial ischaemia and ventricular 
arrhythmias precipitated by physio- 
logical concentrations of adrenaline in 
patients with coronary artery disease 


Sir,—MeCance and Forfar (Srinsh Heart 
Journal 1991;66:316-9) reported the effects of 
adrenaline on the development of ischaemia 
and arrhythmia in patients with ischaemic 
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heart disease.' One of their principal findings 
was that adrenaline produced ischaemia at a 
lower rate-pressure product than exercise. 
This raises many important questions about 
the mechanisms through which catecho- 
lamines produce ischaemia and about how 
such ischaemia can be prevented. 

McCance and Forfar postulate that re- 
distribution of coronary flow is the 
mechanism underlying the greater ischaemic 


effect of adrenaline, but recent biochemical ` 


data suggest an alternative explanation. 
Adrenaline (released from the adrenal 
medulla during stress) is a more potent 
stimulator of the f-2 subtype of adreno- 
receptor than noradrenaline (released from 
the sympathetic nerve endings during 
exercise). Stimulation of cardiac f-2 
adrenoreceptors, like f-1 adrenoreceptors, 
has positive inotropic and chronotropic 
effects.7*> However, biochemical studies have 
shown important differences in the linkage of 
B adrenoreceptor subtypes to cardiac 
adenylate cyclase, with a higher proportion 
being linked to 8-2 adrenoreceptors than to f- 
1 adrenoreceptors.* Not all adenylate cyclase 
when activated leads to increased contrac- 
tility; therefore, adrenaline activation of 
adenylate cyclase not linked to contraction 
(possibly linked to metabolic pathways) may 
lead to a further increase in oxygen consump- 
tion. This differential coupling to adenylate 
cyclase may explain why adrenaline infusions 
produce greater ischaemia than exercise for a 
given rate-pressure product. 

Whatever the underlying mechanism, this 
study has important therapeutic implications. 
By failing to block B-2 adrenoreceptors selec- 
tive B-1 blockade will be inferior to non- 
selective f-blockade at antagonising the 
effects of adrenaline. Additionally selective 
B-1 blockade may actually lead to an en- 
hancement of the ischaemic and arrhyth- 
mogenic effects of adrenaline because B-1 
blocker treatment leads to a selective 
enhancement of the sensitivity of the heart to 
B-2 adrenoreceptor stimulation.*’ This may 
have enhanced the differences between 
exercise and adrenaline infusion seen in 
McCance and Forfar’s study since 13/14 
patients were taking a f-1 selective blocker 
(atenolol, metoprolol, and bisoprolol) until a 
few days before the study. Therefore this 
study adds further weight to the argument 
that non-selective $ blockade may have 
advantages over f~1 selective blockade during 
stress—for example, myocardial infarction. 

JA HALL 

Cardiac Unit, Papworth Hospital, 
Papworth Everard, Cambridge CB3 8RE 
; A FERRO 


Clinical Pharmacology Unit, 
Addenbrooke’s Hospital, 
Cambridge CB2 2QQ 


1 McCance AJ, Forfar JC. Myocardial ischaemia 
and ventricular arrhythmias precipitated by 
physiological concentrations of a 
patients with coronary artery disease. Br 
Heart J 1991,66:316-9. 

2 Kaumann AJ, Lemoine H. §-2 adrenoreceptor 
mediated positive inotropicefiect ofadrenaline 
in human ventricular myocardium. Naunyn- 
oer ial Arch P 1 19873335: 


403-1] 

3 Hall JA, Petch MC, Brown MJ. Intracoronary 
injections of salbutamol! demonstrate the 
presence of functional B-2 adrenoreceptors in 
the human heart. Cire Res 19893;65:546-53. 

4 Kaumann AJ, Hall JA, Murray KJ, Wells FC, 
Brown MJ. A comparison of the effects of 
adrenaline and noradrenaline on human heart: 
the role of 8-1 and 8-2 adrenoreceptors in the 
stimulation of adenylate cyclase and contrac- 
tile force. Eur Heart J 1988;10(supp! B): 

. 29-37. 
5 Hall JA, Keumann AJ, Brown MJ. Selective B-1 


adrenoreceptor blockade enhances positive 
inotropic responses to endogenous catecho- 
lamines mediated through #-2 adreno- 
receptors in human atrial myocardium. Circ 
Res 1990;66:1610—23. 

6 Hall ath Petch MC, Brown MJ. In vivo evidence 
of cardiac f-2 adrenoreceptor sensitisation 
due to atenolol treatment. Cire Res 1991; 
69:959--64. 

7 Ferro A, Hall JA, Brown MJ. Selective potentia- 
tion of cardiac f-2 responses caused by f-1 
blockade with bisoprolol 1991. Chn Sa 
1991;81(suppl 25):16. 


This letter was shown to the authors who reply 
as follows: 


Sm,—We thank Hall and Ferro for their 
interesting comments on our paper. The 
mechanism of our observation that adrenaline 
produced ischaemia at a lower rate-pressure 
product than exercise must remain 
speculative, but we agree that the mechanism 
proposed by Hall and Ferro is also consistent 
with our data. 

It is interesting to consider ‘the ideal 
properties for a f blocker in the setting of 
acute myocardial infarction. The beta-1 
selective agent atenolol was shown in ISIS-1' 
to reduce mortality when used early in acute 
myocardial infarction, a benefit largely due to 
a decrease in cardiac rupture. No other £ 
blocker has been shown to decrease mortality 
when given acutely. But both propranolol’ 
and metoprolol’? have been shown to reduce 
ventricular fibrillation in acute myocardial 
infarction. In animal studies timolol, pin- 
dolol, propranolol, metoprolol, and labetalol 
all increased the ventricular fibrillation 
threshold to a similar extent.* 

Adrenaline is unlikely to be of direct 
relevance in causing late mortality after acute 
myocardial infarction but the question of 
which f blocker to use orally after acute 
myocardial infarction is as important as the 
question of which f blocker to use acutely. 
Propranolol, timolol, and metoprolol aré all 
reported to reduce mortality and particularly 
sudden death after acute infarction.” The 
mechanisms of benefit may be many and are 
probably different from those when $ blockers 
are used acutely.® It may be that here lipid 
solubility is more important than f-1 selec- 
tivity. An overview of the long-term f blocker 
trials has not suggested any difference be- 
tween the f-1 selective and non-selective f 
blockers,’ though it seems that f blockers that 
do not have partial agonist activity may be 
more effective than those that do. There are 
insufficient data-to be certain whether lipid 
solubility is important in this respect but all 
the drugs known to be efficacious are lipid 
soluble. Given the uncertainty about the 
importance of the ancillary properties of $ 
blockers it seems reasonable to suggest that 
only 8 blockers with proven effects should be 
used for postinfarction prophylaxis’ and, de- 
spite the theoretical advantages of non-selec- 
tive f blockade advanced by Hall and Ferro, 
the same is probably true of the use of 
intravenous f blockade in acute infarction. 
Thus we believe that, in the absence of proof 
of the relative benefits of non-selective and 
selective f blockers, atenolol and possibly 
metoprolol should remain for the present the 
first line intravenous f blockers in acute 
myocardial infarction. 

ALASTAIR J McCANCE 
Groby Road ihe ree 


Leicester LE3 908 

J COLIN FORFAR 
John Ra e Hospital, 
Oxford OX3 9DU 


3 e 


Letters to the Editor 


1 ISIS-1 (First International Study of Infarct 


Survival) Collaborative Group. Randomised 
trial of intravenous atenolol, among 16, oar 
cases of suspected acute m 

tion. Lancet 1986511:57-66. 

2 Norris RN, Barnaby PF, Brown MA, Geary 
GG, Clarke ED, Logan RL. Prevention of 
ventricular fibrillation during acute myocar- 
dial infarction by intravenous propranolol. 
Lancet 1984;ii:883-6. 

3 Reiden L, Ariniego R, Amman K, ef al. A 
double-blind trial of. metoprolol in acute 
myocardial infarction: Effects on ventricular 
tachyarrhythmias. N Enel J Med 
1983;308:614-8. 

4 Anderson JL, Rodier HE, Green LS. Com- 
parative effects of beta-adrenergic blocking 
drugs on experimental ventricular fibrillation 
shold Am J Cardiol 1983;$1:1196-202. 

5 Hjalmarson A, Olsson G. Myocardial infarction: 
Effects of B-blockade. Circulation 1991;84 
(supp! V1):101-7, 

6 Olson G, Ryden L., Prevention of sudden death 
using f-blockers: Review of possible con- 
tributory actions. Circulation 1991;84(supp! 
VI):33-7. 

7 Yusuf $, Peto R, Lewis J, Collins R, Sleight P. 
Beta blockade during and after myocardial 
infarction: an overview of the randomised 
trials. Prog Cardiovase Dis 19853;27:335-71. 


Cyclosporin treatment and nitric oxide 
release in human coronary arteries 


Six,— We read with interest the report by Dr 
O'Neil and colleagues (British Heart Journal 
1991;66:212-6) of the lack of effect of cyclo- 
sporin on nitric oxide release in human 
coronary arteries.’ The data they presented 
are most valuable because they were obtained 
from human studies. However, we feel. that 
the conclusion of the paper should’ be re- 
examined in the light of their results. 

To assess the effect of cyclosporin in vitro, 
O’Neil et al applied the protocol that we have 
previously described.’ After three hours of 
incubation with cyclosporin, the maximal 
relaxation (mean (SEM)) to substance P was 
reduced from 76-6 (7:4)% in control coronary 
artery rings to 63-0 (11-5)% and 62:2 (11-I)% 
in rings pretreated with cyclosporin 1000 and 
2000 ng/ml, respectively. This difference was 
not statistically significant. However, at lower 
concentrations (107'® and 107° mol/l!) of sub- 
stance P, the relaxant responses were sig- 
nificantly reduced in coronary artery rings 
incubated with cyclosporin compared with 
control rings (shown by O'Neil et al in fig 1). 
Substance P is known as an endothelium- 
dependent vasodilator’ and has already been 
used by O’Neil et al to test the ability of the 
coronary circulation to release nitric oxide in 
vitro in humans.‘ As with other human 
vascular diseases,’ f the mechanisms for relax- 
ation of the underlying vascular smooth 
muscle in response to nitrovasodilators were 
not affected by cyclosporin (shown by O’Neil 
et al in fig 2). We therefore cannot see any 
other interpretation than the one suggesting 
that nitric oxide release is indeed impaired in 
rings incubated with cyclosporin when tested 
with low concentrations (107 and 107° molj 
1) of substance P. Usually when they find no 
statistical difference between the maximal 
responses of the rings workers calculate the 
dose of agonist eliciting 50% of the full 
response (EGC). This universally accepted 
method allows the detection of any shift of the 
dose-response curves. Inspection of fig 1 
indicates that there is indeed a rightward shift 
of the dose-response curves obtained from 
rings treated with cyclosporin in vitro. 

O’Neil et al found no significant correlation 
between the in vivo and in vitro coronary 
vasodilatory responses to substance P with’ 


either blood concentration of cyclosporin (fig 
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4) or the duration of treatment (fig 3). 
However, the correlation made from the in 
vitro study was for data in only three patients. 

No information was given as to the clinical 
status of the 12 patients studied in vivo, 
especially their vasodilator regimens, the 
frequency of episodes of rejection, the use of 
other immunosuppressive agents, etc... In 
patients. with transplanted hearts the re- 
activity of any particular vascular bed is likely 
to be influenced by several interconnected 
factors. ‘Therefore, the influence of a single 
factor, im this ‘case cyclosporin treatment, 
cannot be assessed by simple linear regres- 
sion. Furthermore, the study of the effect of 
cyclosporin on nitric oxide release after 
stimulation by substance P needs a control 
group. There was a control group in the in 
vitro study but not the in vivo study. 

In conclusion; we applaud O’Neill et al for 
their effort to address the important issue of 
vascular toxicity of cyclosporin in patients 
with transplants. However, we feel that both 


the‘design and the results of the study do not- 


quite support the clear cut rials they 
made. 

A TUAN DINH-XUAN 

TIMOTHY W HIGENBOTTAM 

Department of Respiratory Physiology, 

Papworth Hospital, 

Cambridge CB3 8RE 
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This letter was Hoen to the authors, who 0 rep 
as follows: 


Sir; —We used three distinct models to assess 
the effect of cyclosporin on endothelial. func- 
tion in the human coronary. circulation: none 
of them showed that cyclosporin was capable 
of compromising the ability of the vascular 
endothelium to release nitric oxide in re- 
sponse, to an endothelium pevennent 
‘vasodilator. 
Dr Dinh-Xuan and Dr Higenbottam are 
correct in pointing out the importance of EC,, 
‘values in comparing the difference in the 
response to low! concentrations of substance 
P. Calculation :of the EC,, values shows 
minimal dose'.ratio shift of <3, -but the 
maximum dilatory response was preserved. 
In our discussion we pointed out the loss in 
sensitivity at low concentrations of substance 
P, but we believe that in light of the evidence 
from the retransplanted patients and the in 
vivo study this effect is not clinically relevant. 
This view accords with the results from our 


` 


. endothelium dependent 


previously published data where therapeutic 
concentrations of cyclosporin had no effect on 
any part of the dose response curve for 
substance P in human coronary arteries.’ 

‘We stated both in the abstract and the 
methods section that the patients in the in 
vivo: study were clinically well and free of 
rejection at the time of assessment. Admit- 
tedly, these patients do form a complex group 
in terms of medication and clinical history. 
However, irrespective. of ‘interconnected 
factors” the fact.remains that patients who 
receive cyclosporin after transplantation, 
retain a response to substance P and isosor~ 
bide dinitrate that resembles that reported in 
healthy volunteers.” 

Data from human studies are important in 
that a previous report by Dinh-Xuan et al? 
suggests that inhibition of the release of 
relaxing factor 
(EDRF) in a rat model may contribute to the 
underlying mechanisms of cyclosporin 
associated hypertension in humans. We 
attribute this to a genuine species difference, 
however, it seems that from the most recent 
reports the cyclosporin associated vascular 


dysfunction in rat aortae may also be ‘due to an 


increased response to vasoconstrictors rather 


: than to a reduction in EDRF release.‘ 


The mechanisms underlying the vascular 
‘effects of cyclosporin in humans that 
precipitate clinically relevant hypertension 
and renal damage remain to be elucidated. 
Qur findings indicate that direct inhibition of 
nitric oxide is unlikely to be the mechanism 


‘responsible. - 


GREGORY'S O'NEIL 

. ADRIAN H CHESTER 
SUDHIR KUSHWAHA 
MARLENE ROSE 
SAMAD TADJKARIMI 
MAGDI H YACOUB 
Hanee Hospital, 
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ea cinvnartensive drugs ani plasma 


lipids 
Sm —In his editórial (British Heart Journal 


` 1991;66:409-10) Professor Swales commen- 


ted that a trial comparing diuretics or f 
blockers with one of the new classes of agents 
would be desirable. He also writes that “‘such 
an end point trial has-not been set up and it is 
unlkely to be set up in the near future. 

The Captopril Prevention Project (CAPPP), 
which is now in its second year and conducted 


' with the endorsement of the European 


Society of Hypertension, is- precisely such a 
trial. Its aims and design have been reported.' 
In brief, hypertensive men and women aged 
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25-66 are randomised to captopril based . 
treatment or diuretic $ blocker based treat- 
ment (ACE inhibitors excluded); the aim is to 
detect a 20% difference in cardiovascular 
mortality with a power of 80% at the 5% 
significance level (two sided). 

The study is being conducted at 275 health 
care centres in Sweden and Finland and the 
PROBE (prospective, randomised, open, 
blinded end point evaluation) design is used.” 
In September 1991 more than 6000 patients 
had been recruited to CAPPP. Itis hoped that 
by 1996 enough end points will have 
accumulated for the study to be ended (with a 
significant outome). 

LENNART HANSSON 

Chairman, CAPPP steering committee 
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Avoidance of tolerance and lack of 
rebound with intermittent dose titrated 
transdermal glyceryl] trinitrate 


SiRy— The study by Fox et al (British Heart 
Journal 1991;66:151—5) addressed an impor- 
tant question concerning nitrate tolerance 
and “rebound angina” during nitrate free 
periods. However, the main conclusions of 
the study are neither new nor entirely 
accurate, and leave many questions un- 
answered. How long do the patches remain 
effective? Do they last all day? When does 


‘tolerance start to develop and how long a 


nitrate free period is required to prevent the 
development of tolerance? “Rebound” might 
not be such a problem if the patches only need 
to be left off for an hour or two. 

At least. five previous studies have now 
shown that nitrate patches remain effective 
shortly after being re-applied after a noctur- 
nal nitrate free period. What remains unclear, 
however, is how quickly tolerance develops 
after a patch has been applied, and therefore 
what is the duration of daytime efficacy during 
an intermittent treatment regimen. It is also 
not known how long a nitrate free period is 
required to reverse tolerance; this study does 
nothing to address these points. 

We examined many of these questions in a 
previous study (the results of which were 
presented to the British Cardiac Society in 
1987).' Using three active or dummy patches 
applied consecutively for 32-36 hours and 
conduction of four exercise tests over this 
period we assessed the effects of continuous 
treatment for three, eight, 12, 15, and 24 
hours, and of intermittent treatment on two 
consecutive days using two different nitrate 
free periods of 12 or 16 hours. Our results 
showed the now familiar finding that the 
patches remained effective three hours after 
treatment was restarted.’ They also showed 
that the length of nitrate free interval (12 
hours or 16 hours) did not influence this 
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response. However, rather more important 
was the finding that whatever the length of the 
nitrate free interval the therapeutic effects 
became somewhat attenuated within eight 
hours of the start of treatment and appreci- 
ably so after 12 hours: there was therefore no 
point in tésting a shorter nitrate free interval 
because important therapeutic effects do not 
seem to last for over 12 hours of continuous 
therapy. Waters et al were also unable to show 
therapeutic benefit during intermittent treat- 
ment when they tested 12 and 16 hours after 
patch application’ and though Schaer et al* 
showed significant effects at four and eight 
hours it was clear from inspecting their data 
that the results at eight hours were rather less 
statistically significant than those at four 
hours. It thus seems likely that tolerance 
develops so quickly during transdermal 
therapy that it limits its efficacy as a day long 
prophylactic agent. 

The study reported by Fox et al rather 
supports our findings because treatment had 
very little influence on the circadian pattern of 
silent ischaemia—as one would expect if 
treatment had only been effective during the 
first few hours. 

It is certainly not justified to conclude that 
the significant treatment effects demonstrated 
between three and five hours after patch 
application indicate that tolerance has been 
“avoided”. Our results supported by data 
from other studies suggest that while the 
effects measured at 3-5 hours may have 
remained significantly better than those seen 
during placebo treatment, they are likely to be 
significantly worse than those seen after only 
30-60 minutes of treatment and significantly 
better than those measured after eight hours 
or more. In other words, it seems likely that 
tolerance is a gradual but continuous process 
beginning from the moment that treatment is 

MAJAMES 
M PAPOUCHADO 
J V JONES 


Bristol Royal i 
Bristol BS2 8 
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Novel exercise protocol suitable for use 
on a treadmill or a bicycle ergometer 


SR,—in their letter Dr Essamri and 
colleagues correctly state that the standardis- 
ation of exercise tests is now a major issue 
(British Heart Journal 1991;66:405—6) but 
they criticise the standardised exponential 
exercise protocol (STEEP) devised by Dr 
Northridge and colleagues (British Heart 
Journal 1990;64:313-6). In this useful 
protocol the exponential increase in work rate 
tends to keep exercise duration within. the 
“ideal” range of 5-15 minutes even if exercise 
capacity in terms of peak external’ work rate 
differs widely. Detailed tables are provided for 
- cycle ergometry work rates adjusted for the 
subject’s weight so that their STEEP will be 


similar on a cycle ergometer and on a tread- 
mill, 

The differences between the cycle ergo- 
meter STEEP and treadmill STEEP proto- 
cols reported by Dr Essamri are relatively 
smnall—approximately a 13-19% difference in 
Vo, over the last six minutes of exercise. Such 
differences are expected because the cardio- 
pulmonary responses to exercise vary accord- 
ing to the mass of active muscle: at a given 
submaximal work rate, heart rate and Vo, 
tend to be higher with cycle ergometry, 
whereas peak heart rate and Vo,max tend to 
be higher on treadmill exercise.'* Standardis- 
ation of work rate according to lean body mass 
rather than total body weight might further 
reduce these differences,’ * but to expect cycle 
ergometry and a motorised treadmill to be 
equivalent is unrealistic. l 

Dr Essamri and collegues also suggest that 
the relatively slow rise in Vo, over the first 
minutes of the STEEP makes it an unsuitable 
basis for the prediction of Vo max from Vo, at 
submaximal work rates. However, such 
extrapolations are always subject to large 
errors’ ‘and maximal tests are preferred when 
Vo,max is to be determined.’ 

However, in the graphs presented by Dr 
Northridge and Dr Essamri we note that Vo, 
continues to increase steeply as a function of 
time over the last few minutes of exercise, 
whereas in many other protocols Vo, tends 
towards a plateau-—-it rarely if ever attains a 
plateau but at least becomes less steep, with a 
negative second derivative d? Vo,/d (time).? If 
subjects perform maximal symptom limited 
exercise then the effect of the continued steep 
rise in Vo, may be to amplify the effects on 
measured Vo,peak of small changes in exer- 
cise duration due to variations in motivation 
and encouragement. 

The debate between proponents of the 
cycle ergometer and proponents of the motor- 
ised treadmill is likely to continue for many 
years-——the advantages and disadvantages of 
each are balanced and preferences often differ 
on a geographical basis.’’ As it is unlikely that 
cardiologists in all countries will agree to 
standardise on one or other form of exercise 
testing, the STEEP is a useful attempt to 
bridge this divide. 

S W DAVIES 
London Chest Hospital, 
Bonner Road, 


Human Performance Laboratory & 
Department of Geriatric Medicine, 

The Royal Free Hospital School af Medicine, 
Rowland Hill Street, 

London NW3 
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BOOK REVIEW 


Cardiac Electrophysiology and 
Arrhythmias. Eds Charles Fisch, Borys 
Surawicz. (Pp 448; $84) New York: Elsevier, 
1991. ISBN 0-444-01601-5 


This book is in many ways a testimony to the 
extraordinary progress in the subject over the 
past two or three decades. Indeed, 30 years 
ago there would have been little worth writ- 
ing save for the six chapters on clinical 
arrhythmias, and each of these is in any case 
substantially influenced by the advent of 
clinical electrophysiological studies. 

The editors, two leaders in the field, and 
respected because they have proved them- 
selves in the classic tradition over the years, 
are to be commended for the fact that they 
have broadened the scope so. considerably 
beyond Fisch’s own recent book on the 
electrocardiographic diagnosis of arrhyth- 
mias. The first two major parts include chap- 
ters on mechanisms and on experimental 
arrhythmias which some might, unwisely, 
decide to gloss over. Difficult though some 
may be for the clinician, they are well worth 
reading for. they form the scaffolding upon 
which the edifice of clinical arrhythmias, their 
diagnosis and management, depend. Over the 
past 20 years we have all become aware of the 
importance of the cardiac action potential and 
of ion movements, both in the genesis of 
normal and abnormal rhythms and in con- 
sideration of their treatment in some in- 
stances. But no longer can one divide arrhyth- 
mias in an apparently simple fashion into 
those dependent on automaticity and those 
that arise because of reentry; one can get 
deeper, by looking into the factors that 
promote such changes and also give rise to 
afterdepolarisations, the relevance of which 
are now becoming better appreciated. 

Many will turn first, and justifiably, to the 
two excellent chapters on the differential diag- 
nosis of tachycardias dependent on the width 
of the QRS, by Fisch and by Wellens; but 
there is important information in all the other 
chapters on clinical arrhythmias, and many 
who read these chapters will thereby be 
reminded of difficult cases that perhaps ‘‘got 
away’. The use of exercise testing, signal 
averaged electrocardiography, and pro- 
grammed electrical stimulation are all well ` 
discussed in separate chapters. The phar- 
macological sections offer relatively less new 
information and the chapter on sudden car- 
diac death, in particular, is somewhat out of 
place under pharmacology and not of the 
same high quality as most of the other con- 
tributions. The last part, dealing with non- 
pharmacological treatment, with emphasis on 
developments in pacing and ablative tech- 
niques (both electrically based and surgical) is 
of great interest because there are many 
developments in this area that are insuffici- - 
ently widely known and where more patients 
could receive help. 

Virtually all the chapters are well and 
relevantly referenced and the book not only 
has current usefulness but will.continue to be 
a reliable and substantial source of informa- 
tion for some years to come. Many cardiolo- 
gisits will wish to acquire it themselves as well 
as to see it on departmental library shelves. 

DENNIS M KRIKLER 


The title reviewed here is available from the BMJ 
SAT, PO Box 295, London WC1H 9TE. Prices 

in the UK and for members of the 
pe orces Overseas, but overseas customers should 


add 15% to the value of the order for postage and 
packing. Payment can be made by in sterk 
drawn on a UK bank, or by credit card {M s 


VISA, or American Express) stating card number, 
expiry date, and your full name. 
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Senior registrar posts: false alarms 
Considerable anxiety has been caused in four 
regions over the past 18 months as each 
received notification of a reduction in the 
number of senior registrar posts approved by 
the Joint Planning Advisory Committee 
(JPAC). Mersey was the first to be affected, 
and Yorkshire the most recent. In no case had 
any consultation taken place. The situation in 
Liverpool took months to resolve, and even- 
tually a post was restored seemingly as a 
gesture of goodwill. But since then, the 
Manpower Division of the Department of 
Health has been able to identify the problem. 
These threatened reductions seem to have 
resulted from confusion centrally over posts 
in adult and paediatric cardiology. In the last 
round of JPAC reviews the paediatric car- 
diologists presented their evidence 
separately, though the numbers come from a 
common pool. The paperwork seems not to 
have been properly integrated. Our next 
submission will be a joint one, so confusion 
can be avoided. Meanwhile we hope that the 
source of the error-—now identified—has been 
removed so that no more spurious cuts will be 
announced. This newsletter has been critical 
in the past of the Manpower Division where 
bureaucracy seemed sometimes to be the 
enemy of reason instead of its servant. But 
changes have occurred, and we now enjoy an 
excellent liaison similar to that which proved 
so helpful to all parties in the past. 


Senior registrar posts: JPAC review 
Readers of the newsletter will not need 
reminding of our belief that the numbers of 
senior registrars allocated to cardiology is 
inadequate. Recently several appointment 
committees have interviewed only one can- 
didate for consultant posts. Within five years 
the number of consultant retirements will 
double, and we could face a disastrous short- 
age. Our request for an earlier JPAC review 
was rejected a year ago on the grounds that 
there would be no suitable opportunity. But 
now the urgency is better appreciated, and we 
have been promised a review in November 
1992, over a year earlier than the provisional 
date we had been given earlier. We still face 
one problem that is not the fault of the 
Department of Health nor of JPAC. For 
manpower planning, paediatric cardiology is 
considered part of cardiology at senior regis- 
trar level, but as part of paediatrics at regis- 
trar grade. The potential for further 
confusion in the training programme is clear. 
We hope that colleagues—mostly paedia- 
tricians—who oppose any change can be 
persuaded that the two components of 
specialist training must not be separated in 
this way. 


Senior registrar posts: part-time 
training 

Another recurring theme in the newsletter 
has concerned the difficulties faced by all who 
wish to avail themselves of part-time training 
at senior registrar level—usually women, 


though not exclusively so. We have listed the 
steps that have to be taken (newsletter, 
August 1991), We have written to all regional 
health authorities asking for sympathetic con- 
sideration for applicants——and in most cases 
had helpful and encouraging replies. But we 
have been surprised by a seemingly immov- 
able impediment faced recently by one 
trainee. A woman wishing to make a career in 
cardiology was aware of the long procedure 
needed at present to obtain a part-time train- 
ing post-—approximately a year. Wishing to 
avoid disruption of her training, she made an 
application a few months before she was due 
to marry. This was refused. Marriage, it 
seems can sometimes be grounds for part- 
time training after the event, but a potential 
change in domestic circumstances is not. 
Should we be surprised that the attrition rate 
is SO great as Women attempt to progress from 
house officer to consultant if they are treated 
so unsympathetically? Is there really a com- 
mitment to part-time training, or is it a matter 
of using words to mask inaction? Should a 
well-founded wish to do part-time training 
not be a valid enough reason for application? 
No one would choose this long path need- 
lessly because it must be a potential disadvan- 
tage in further advancement. We must add, 
however, that the arrangements for part-time 
training of senior registrars is under review. 
We hope for changes. 


A parliamentary select committee 

Since the announcement of a date for the 
general election, politics and politicians have 
been in the news to the extent that most of us 
feel the need for a break. Nevertheless we 
wish to recount the experience of attending a 
parliamentary select committee at West- 
minster. It was fascinating and impressive. 
Andrew Henderson has written about it. “At 
the instigation of the Cardiac Group in Wales 
the Welsh Affairs Committee considered the 
provision of cardiac services in Wales on 18 
December 1991. It took evidence from 
representatives of the specialty in Wales, 
from the Parliamentary Under-Secretary of 
State, from the Director of the National 
Health Service in Wales, and from the Chief 
Medical Officer. It has now published its 
report. The cardiologists and cardiac sur- 
geons throughout Wales had expressed their 
concern at the continuing delays in providing 
the much needed expansion of cardiac 
services, identified in 1981 in a report on 
cardiothoracic services in Wales. Expansion 
was promised by the then secretary of state 
for Wales in 1984. Wales has had a relatively 
low resource base of one regional centre with 
capacity for 600 operations per year, together 
with the lowest relative provision of car- 
diologists in the United Kingdom and half of 
its district general hospitals without a 
physician trained in cardiology. Concern was 
heightened by uncertainties surrounding the 
““de-regionalisation” of cardiac services and 
of the National Health Service changes. The 
experience was interesting, not least as a 
result of being able to remain as observers 
after we had given our evidence. The ques- 
tioning was direct, though always courteous. 
The chairman had done his home-work well. 
It should be recorded that the President of the 
British Cardiac Society acted as specialist 
adviser to the committee. The professional! 
witnesses gave evidence in line with the 
recommendations of the Joint College’s 
Fourth Report (Br Heart J 1992;67:106-16) 
(which is included with the select commit- 
tee’s report), while outlining the factual back- 
ground relating to cardiac services in Wales 
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and the history of official statements rela ung 
to its provision. The parliamentary under 
secretary of state took the opportunity to 
announce additional funding of (3m to 
expand facilities at the University Hospital of 
Wales to an annual surgical capacity of 800 
operations, £1:5m to other district health 
authorities to purchase cardiac surgery else- 
where, £2-5m to complete the development 
of the paediatric cardiac unit, and an appraisal 
of the longer term options for the shortfall of 
400 operations relative to the pre-existing 
Welsh Office annual target of 1200 per year. 
The salient points of the report were (a) to 
welcome the announcement of funds for the 
overdue (and long promised) increase in 
capacity at the University Hospital of Wales; 
(b) to underline the urgency of the appraisal 
for a further increase in surgery (already 
promised in 1989 by the then secretary of 
state), and to recommend that its terms of 
reference are restricted to the size and loca- 
tion of a second unit in South Wales (despite 
the parliamentary under secretary of state’s 
comments that the appraisal should embrace 
whether or not a second unit was still needed); 
(c) to emphasise the need for a major increase 
in the number of angioplasties; (d) to con- 
chide that a reduction in cardiovascular mor- 
tality might paradoxically increase the need 
for treatment; (e) to recommend closer com- 
munication between Welsh Office and profes- 
sional practitioners in this field (Wales has had 
no regional health authority); (6) to emphasise 
the need to provide within the principality the 
necessary capacity for cardiac services for 
Wales; and (g) to recommend that steps be 
taken to ensure that all district general hosp- 
itals in Wales have at least one physician 
trained in cardiology. This was a useful 
exercise, We hope that it has raised political 
awareness of the very real shortfall which 
exists in Wales while recommending that is 
needed in terms of capital investment and 
staffing to bring it up at least to reasonable 
levels by current United Kingdom standards. 
The committee has the advantage of being 
all-party and its record should thus stand as a 
yardstick for future governments of whatever 
colour.” 


Hypertrophic Cardiomyopathy 
Association 

We have had a letter from John Goodwin 
concerning the Hypertrophic Cardio- 
myopathy Association. “Readers may like to 
see again a note about the Association (British 
Heart Journal 1990;64:410). The organisa- 
tion was set up by sufferers from hypertrophic 
cardiomyopathy in the interest of patients 
and their relatives. The role of the association 
is one of guidance and counselling to help 
patients to understand the disease, adapt their 
life styles appropriately, and to cope with the 
psychological and emotional burdens of a 
condition in which sudden death is a feature, 
especially in young people. The administra- 
tion of the association is advised on medica! 
and technical matters by a medical sub-com- 
mittee chaired by myself. A network of car- 
diologists is being set up around the country 
to advise on diagnosis, treatment, and coun- 
selling of patients and their famiti y 
medical sub-committee have develgp 
ten guidelines on the manag 
trophic cardiomyopathy. I 
explaining the disease, . these gm 
emphasise x wapora to patients sand 


person, Mrs C Biro Gach 00351 806776 -i 








424 


from the Vice President, Dr W J McKenna, 
Department of Cardiological Sciences, St 
George’s Hospital Medical School, Cranmer 
Terrace, Tooting SW17 ORE, or from me 


. (President), c/o National Forum for Coron- 


ary Heart Disease Prevention, Hamilton 
House, Mabledon Place, London WC1H 
9TX”’. 


Read codes 

The Read codes (newsletter, September 
1991) will become increasingly important, 
but so far we clinicians have not played a 
major role in their application to cardiology. 
This is essential if their potential value is to be 
realised, though the task will be time consum- 
ing and will require both knowledge and 
experience. We are fortunate that Dr 
Malcolm Towers has agreed- to represent 
cardiology in the development of new codes. 
His work will be of inestimable value to the 
data monitoring committee, to the society, 
and to our specialty. 


Harrogate and the media 

Finally one last piece of news about the 
Harrogate meeting. As usual, the press will 
not be allowed into the sessions, but as last 
year we will have press briefings. Some speak- 
ers will be asked to attend and we hope that 
they will do so. The media wish to respond to 
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public interest, and for our part important 

messages can be widely disseminated. A 

higher public profile for the society remains 
one of our objectives. 

DOUGLAS CHAMBERLAIN 

President, British Cardiac Society 

PAUL OLDERSHAW 

Secretary, British Cardiac Society, 

9 Fitzroy Square, 
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The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate 
International Centre on 26 to 29 May. The 
closing data for receipt of abstracts was 3 


January. 
k k k 
Sara Thorne from the Royal London Hospi- 


tal and Jonathen Swan from the Wyn Insti- 
tute have both won Bristol-Myers Squibb 
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Cardiovascular Awards which will start in 
July 1992. 
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The office of the British Heart Journal has 
moved to 9 Fitzroy Square, London W1P 
5AH (telephone 071 383 4006: fax 071 388 
0903). 


The International Workshop on Angina 
Pectoris with Normal Coronary 
Arteriograms sponsored by the European 
Society of Cardiclogy will take place on 12 
June 1992 at the Department of Cardiological 
Sciences, St George’s Hospital Medical 
School. The workshop is organised by J C 
Kaski and W J McKenna and has 19 invited 
speakers. The following topics will also be 
briefly discussed—current concepts on path- 
ogenesis; metabolic regulation of coronary 
blood flow; prognosis and treatment of 
patients with angina and normal coronary 
arteries; angina pectoris in the cardio- 
myopathies; and future avenues of research. 
Registration fee (£75 including lunch, 
cheque payable to Special Trustees Medical 
Centre A/c) should be sent to Jill Williams, 
Postgraduate Manager, St George’s Hospital, 
Grosvenor Wing, Blackshaw Road, London 
SW17 0QT. 


British Heart Journal May 1992 
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Editorial 





Intracoronary stents 


The enormous growth of intracoronary interventions has 
brought an assortment of devices to help deal with coronary 
atheroma.'? In most cases the clinical role of these devices 
has yet to be defined and reports of their benefits and 
complications are often confined to selected groups of 
patients. There is justifiable concern that the treatment may 
be worse than the disease’ and that over-enthusiastic 
interventional cardiologists are modern ‘“‘sorcerer’s 
apprentices”. 

In the November issue of the British Heart Journal 
Haude and colleagues reported their experience with the 
Palmaz-Schatz stent in 50 patients.’ The indications 
included restenosis after a previous successful angioplasty, 
a poor angiographic result at the time of balloon angio- 
plasty, “bail out’ of coronary artery dissection and 
occlusion during angioplasty, and the treatment of stenoses 
in coronary vein grafts. Early events including death, need 
for bypass surgery, or stent thrombosis occurred in 10 
patients, and bleeding complications in nine. In 41 patients 
angiographic follow up four to six months later showed 
restenosis or reocclusion in 10 (24%). Restenosis or late 
occlusion or both were more common in patients who 
received multiple stents. 

‘These high rates of early thrombosis and of haemorrhage 
are similar to those reported in other series of coronary 
stents’? and the overall restenosis rate is not much below 
that seen after conventional balloon angioplasty.‘ 
Despite this there is continuing interest in coronary stents 
because conventional balloon angioplasty is limited by the 
5% incidence of acute dissection and occlusion of the 
coronary artery’’* and by the 30-40% incidence of 
angiographic restenosis.'°"? In theory both these problems 
might be reduced by intracoronary stents if further 
research and development lead to improvements in stent 
materials and design. 


Stents for “bail out” 

In acute coronary dissection, intracoronary stents seem to 
stabilise the dissected arterial segment, preventing 
occlusion of the lumen by intimal flaps and possibly 
reducing the propensity to thrombosis by holding intimal 
flaps over exposed subintima.° Four studies have suggested 
that the need for emergency coronary bypass surgery 18 
reduced when stents are used to treat acute occlusion of the 
coronary artery.” ™ There are few data, however, on the 
long-term follow up of patients “salvaged” in this way.’” 
Preliminary results from Fajadet et al” show a 33% 
restenosis rate nine months after emergency stenting for 
“bail out” of unstable lesions. 

Definite conclusions about the value of stents for “bail 
out” are difficult because of the lack of long-term data and 
because in many cases stents cannot be used because of the 
difficulties with delivery into tortuous arteries or to distal 


sites, Other bail out strategies such as perfusion catheters 
may be equally successful” and randomised comparison of 
stents with these other methods are needed to assess their 
proper role in the treatment of acute occlusion. 


Stents to reduce secondary restenosis 

It may be useful to distinguish restenosis occurring in 
patients who have not previously undergone angioplasty at 
that site, which may be termed “primary restenosis”, from 
restenosis occurring at a site that has already restenosed 
after a previous angioplasty (secondary restenosis). It was 
hoped that intracoronary stents would reduce the rate of 
restenosis in lesions that had previously restenosed,” and 
initial results were encouraging.” Subsequent experience 
with stents at the site of previous restenosis®”* showed 
restenosis rates approaching those after conventional 
balloon angioplasty in this situation.” When multiple 
stents have been placed in one coronary artery both 
restenosis’? ” and thrombotic occlusion’ are particularly 
common. 


Stents to reduce primary restenosis 

The results of coronary stenting de novo—that is as part of 
the initial procedure—are more promising, with restenosis 
rates of between 7% and 18%.°*™ However, the routine 
use of stents for all lesions would considerably increase the 
cost and complexity of coronary angioplasty. It would 
therefore be logical to use stenting at the first intervention 
for lesions with an especially high risk of restenosis, such as 
lesions in the proximal left anterior descending coronary 
artery.” Restenosis is also common after angioplasty of 
coronary vein grafts,”* and early results suggest that 
stenting might be appropriate as the initial treatment in this 
situation.” 


Stent to reduce distal embolisation 

Another complication of balloon angioplasty to bulky vein 
graft lesions is distal embolisation of plaque debris in 2-3% 
of cases.” ” Placement of an intracoronary stent simulta- 
neously with the first dilatation might trap such material 
and reduce this problem: in one series of 57 stent place- 
ments in vein grafts there were no episodes of distal 
embolisation (Dr U Sigwart, personal communication) but 
as yet there is no definitive data on this point. 


High success rates in stent placement 

The rate of successful implantation of stents was 98% 
reported by Haude and colleagues’ and rates of 94%~100% 
have been reported by other groups.°’°” * However, these 
success rates apply to patients who may have been selected 
on the basis of their suitability for stenting, excluding those 
with small or tortuous vessels or both, and therefore may 
not apply to the general population of patients undergoing 
coronary angioplasty. In most cases predilatation with a 
conventional balloon may be necessary before a stent can be 
introduced into the lesion.’ Lower profile and more flexible 
designs of stent should increase the number of patients who 
can be treated by this technology. 
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Thrombosis and haemorrhage 

In studies using early designs of stents thrombotic 
occlusion was frequent and the vigorous anticoagulant and 
antiplatelet treatment intended to prevent this in turn 
caused haemorrhagic complications. In the study of Haude 
et al? using the Palmaz-Schatz stent patients received 
heparin and dextran infusions during the procedure, and 
thereafter aspirin, dipyridamole, and coumarin. Acute or 
subacute thrombosis of the stent occurred in eight of their 
50 patients and bleeding complications in nine. Schatz, 
Palmaz, and colleagues reported subacute thrombosis of 
their stent in 15% of 39 patients in whom stenting was 
followed by aspirin and dipyridamole, and in only 0-6% of 
174 patients given aspirin, dipyridamole, and warfarin.’ 
However, almost 10% of the 174 had serious haemorrhagic 
complications including two cases of tamponade, one of 
intracranial haemorrhage, four of gastrointestinal bleeds 
requiring transfusion, eight haematomas requiring surgery 
or transfusion or both, and two femoral pseudoaneurysms. 
Current data suggest that carefully controlled anti- 
coagulant regimens are able to prevent stent thrombosis 
and are associated with lower rates of haemorrhagic 
complications.” 

Careful selection of lesions suitable for stenting may also 
reduce the risk of thrombosis and the need for vigorous 
anticoagulation. It is now appreciated that the risk of 
thrombosis depends on stent diameter: thrombosis 
occurred in 16% of patients with smaller diameter stents 
(expanded to 3-5 (0-5) mm) and only 3% of those with 
larger stents (expanded to 4-1 (0-8) mm).*° Thrombosis was 
also more common when multiple stents were placed in an 
artery,°’* although multiple stents in different coronary 
arteries do not seem to cause additional problems. Current 
recommendations are that stents are placed only in vessels 
that are expected to attain a diameter of >3 mm after 
dilatation and that as few stents as possible are placed in any 
one coronary artery. 


Stent materials and design 

There has been much discussion concerning the materials 
and designs of stents. Inadvertent deployment may be a 
problem of self-expanding stents; balloon rupture some- 
times occurs during deployment of balloon expanded 
stents. Most coronary stents are difficult to visualise in 
patients because of the small mass of radio-opaque 
material. ‘This causes difficulties with accurate placement 
within the lesion, and may lead to confusion if the operator 
suspects that the stent has become detached and embolised; 
radio-opaque markers have now been added to some stent 
delivery systems. Increased axial flexibility of stents would 
improve the ability to deliver them in tortuous coronary 
arteries and might reduce the risk of damage to the arterial 
wall.” Placement of stents distally or in tortuous arteries 
may also be aided by soft-tipped 5 French flexible sheaths 
(Teleguide (Schneider) and SDS (Johnson & Johnson)). 
The balloon and stent can be advanced into the coronary 
lesion within the sheath, over an angioplasty guide wire. 
The sheath is then withdrawn, leaving the stent and 
balloon within the lesion. This technique reduces the risks 
of inadvertent stent displacement and of coronary dissec- 
tion during passage of the stent through the proximal 
coronary artery. 

The material of the stent influences the mechanical 
properties and also the propensity to thrombosis and to 
endothelialisation. Positively charged metal such as stain- 
less steel are thrombogenic unless highly polished”; 
negatively charged metals are less thrombogenic but most 
are corrosive.” Biodegradable materials may provide short 
term support of the arterial segment without long term 
risks of thrombosis, *! but such stents are not yet available 
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for clinical trials. Other possibilities include eluting stents 
that slowly release drugs to reduce thrombosis and rest- 
enosis,“ coated stents with surface-bonded anticoagulant 
factors,” and seeded stents coated with cultured endothe- 
lial cells.“ © 

Unfortunately the cost of intracoronary stents may well 
limit their use; the only coronary stent currently available 
costs approximately £500, excluding the cost of the 
balloon. Formal cost-benefit analyses are needed that 
include comparison with standard balloon angioplasty, 
with other devices, and with coronary bypass surgery. 


Opinion 

At present, the use of intracoronary stents in the United 
Kingdom is limited to a few centres. In our opinion, stents 
should be available in all centres for bail out procedures for 
acute dissections which cause or threaten acute coronary 
occlusion and perhaps for other selected cases such as vein 
graft angioplasty. Recent clinical experience suggests that, 
with the Palmaz-Schatz stent at least, the acute risk of 
thrombosis can be controlled to an acceptable level without 
unacceptable risks of haemorrhage. Medium-term anti- 
coagulant and long-term antiplatelet therapy are important 
to minimise thrombosis, and close follow up of patients 1s 
essential. 

It seems likely that stents will prove useful adjuncts to 
conventional angioplasty: experience to date is not yet 
sufficient to formulate guidelines for clinical use. Multi- 
centre studies of primary coronary stenting to reduce 
primary restenosis are in progress. Mechanical factors 
alone are unlikely to prevent restenosis—perhaps a com- 
bination of the mechanical advantages of stents with 
pharmacological intervention will solve this problem. 
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Diagnostic techniques in suspected thoracic aortic 


dissection 


Although mortality in thoracic aortic dissection remains 
high, early accurate diagnosis, particularly in patients with 
a type A dissection, can lead to life-saving surgical inter- 
vention. Several imaging techniques can now establish the 
diagnosis. The availability and usefulness of these tech- 
niques vary with different centres. 


Transthoracic echocardiography 

After presenting at a district general hospital the patient 
with a suspected dissection should undergo transthoracic 
echocardiography. Most district hospitals now have either 
a technician or a cardiologist capable of performing a 
thorough echocardiographic examination. The advantages 
of echocardiography are the speed and relative ease with 
which the technique can be used in a haemodynamically 
compromised patient. Reports of the accuracy of the 
method vary. The key echocardiographic sign is the 
detection of a flap of intima and media within the lumen of 
the aorta. Different studies have shown a sensitivity of 
between 14% and 100%.’° Other findings such as aortic 
root dilatation, thickening of the aortic wall, and evidence 
of a pericardial effusion or aortic regurgitation are non- 
specific. The studies indicated that transthoracic echocar- 
diography is limited in its usefulness'*; though if skilled 
operators are available, it certainly has a role in triage at the 
district general hospital. 


Computed tomography 

Computed tomography has had a considerable impact on 
the management of patients with suspected dissection, both 
in the district general hospital and in the tertiary referral 
centre. The detection of a flap establishes the diagnosis and 
the anatomical extent of the dissection can be determined. 
Good quality, high density images that do not show a flap 
imply that dissection is extremely unlikely. However, poor 
quality images with inadequate opacification and movement 
and streak artefact are not uncommon and cannot securely 
exclude a diagnosis of dissection.* In addition, computed 
tomography gives no information on left ventricular func- 
tion or aortic regurgitation—both important determinants 
of survival. In addition the images require interpretation 
by an experienced radiologist. Patients with a negative or 
inadequate CT scan in whom there is continuing doubt 
over the clinical diagnosis should undergo coronary and 
aortic angiography.’ 


Transoesophageal echocardiography 

Upon transfer to the referral centre the patient and any 
available investigations should be reviewed by a cardiol- 
ogist, a cardiothoracic surgeon, and a radiologist. If all are 
satisfied with the diagnosis and information provided, the 
appropriate course of management can be started. If not, 
other diagnostic techniques should be used. Trans- 
oesophageal echocardiography is becoming increasingly 
popular because unlike transthoracic echocardiography, it 


is not affected by the structure of the thoracic cage or by 
respiratory movements. It provides high quality images of 
both the ascending and descending aorta, although the 
trachea may obscure part of the ascending aorta and arch.® 
In several series sensitivities and specificities of up to 99% 
were reported: these are as good as both aortography and 
computed tomography. In centres with experienced 
operators there is no doubt that transoesophageal echocar- 
diography can provide rapid and accurate diagnostic infor- 
mation. Unless performed expeditiously and with adequate 
sedation, transoesophageal echocardiography can increase 
systolic blood pressure. The main limitation in the use of 
this technique is the lack of appropriately trained 
operators. The provision of an adequate transoesophageal 
echocardiography service requires not only the appropriate 
equipment but also at least three experienced operators. 
Currently few centres are in a position to provide such a 
service, but it is likely that as experience with the technique 
becomes more widespread it will be used more often in 
patients with suspected dissection. 


Intravenous digital subtraction angiography 
Intravenous digital subtraction angiography has found 
favour in some centres and has obvious advantages. It is 
quick and easy to perform and only minimally invasive. 
Furthermore, its sensitivity and specificity are said to 
approach that of aortography.!° However, the equipment is 
not always available and the sensitivity and specificity are 
little better than with computed tomography, which is 
more widely available. Most surgeons would not operate 
solely on the basis of a digital subtraction angiogram but 
digital angiography may be a useful screening procedure. 


Magnetic resonance imaging 

A recent study suggests that magnetic resonance imaging 
has 100% specificity and sensitivity in diagnosing the 
presence of dissection compared with the reference diag- 
nostic techniques of angiography, surgery, or necropsy."! 
Magnetic resonance imaging was better than trans- 
oesophageal echocardiography, with fewer false positive 
diagnoses of dissection in the ascending aorta. Trans- 
oesophageal echocardiography has the advantage of taking 
less time than magnetic resonance imaging, though in the 
population studied no complications arose from the time 
spent in the scanner. 


Aortography 

Traditionally aortography has been accepted as the 
reference standard against which newer diagnostic tech- 
niques should be compared. There is considerable justifica- 
tion for this belief. Several very large multicentre studies 
have been performed and have shown sensitivities between 
90% and 98%.'*° In addition, and perhaps of even more 
importance, aortography has been available since 1949 and 
consequently both cardiologists and cardiothoracic 
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surgeons have developed considerable confidence in it. The 
aortogram provides information on the presence and 
severity of associated aortic regurgitation and, if it is 
negative, it may be useful to proceed to coronary angio- 
graphy to investigate alternative diagnoses. Aortography 
can give false negative results, however,°'* and of the 
diagnostic techniques available it carries the highest risk. 
In the future it is likely to be superseded by the newer 
imaging techniques. 


Coronary angiography 

Is coronary angiography necessary in patients in whom the 
diagnosis of dissection has been established? There is no 
published evidence that performing coronary angiography 
lowers mortality in patients with dissection.’ Most car- 
diologists and cardiothoracic surgeons think that coronary 
angiography in the presence of a very dilated ascending 


aorta substantially lengthens the procedure thereby expos- ' 


ing the patient to extra risk. In the absence of evidence to 
the contrary there seems no reason to perform coronary 
angiography routinely in patients in whom the diagnosis of 
dissection has been established. 


Conclusions 

We believe that if a good quality, high resolution computed 
tomography scan shows a dissection then no other inves- 
tigation is necessary. A negative high quality computed 
tomographic scan in the district general hospital will 
usually avoid an inconvenient and costly transfer to a 
regional centre. If, however, no scan is available, the scan is 
non-diagnostic, or sufficient clinical suspicion remains 
despite a negative scan the patient should be transferred 
without delay. At the referral centre, in future, trans- 
oesophageal echocardiography is likely to be performed as 
the next diagnostic procedure. Magnetic resonance scan- 
ning will be increasingly available and useful in this setting 
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with angiography being used largely to investigate the 
coronary arteries in patients in whom doubts about the 
diagnosis persist. 
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Exercise training as therapy for chronic heart 


failure 


Neal G Uren, David P Lipkin 


Patients with impaired left ventricular function 
have a reduced exercise capacity because of 
dyspnoea and fatigue; and exercise testing has 
become an integral part of the assessment of 
patients with chronic heart failure in many 
cardiac centres.’ Over the past decade, several 
groups have shown that there is also a clinical 
benefit from using regular exercise testing and 
training as adjunctive therapy in the treatment 
of selected patients with chronic heart failure. 
The underlying mechanisms responsible for 
the beneficial effect of exercise training are now 
becoming apparent. 


Normal cardiovascular response to 
exercise 

During isotonic exercise the contraction of 
skeletal muscle in movement provides a volume 
rather than a pressure load to the left ventricle, 
and the cardiovascular response is proportional 
to the severity of the exercise.? The human 
body responds to dynamic exercise so that the 
blood flow to exercising muscles is increased to 
maintain oxygen delivery, heat is dissipated, 
and flow to vital organs such as the brain and 
heart is preserved. The cardiac output, the 
oxygen capacity of the blood (dependent on 
arterial oxygen saturation and haemoglobin 
concentration), and the vascular bed of exercis- 
ing and non-exercising skeletal muscle all func- 
tion concordantly to ensure that oxygen 
delivery approximates to oxygen demand. The 
intensity of exercise may be quantified by the 
maximal oxygen consumption (the product of 
maximum cardiac output and maximum 
arteriovenous oxygen (a — v O,) difference) 
which is the greatest amount of oxygen an 
individual can use during dynamic exercise to 
deliver to skeletal muscle.’ Because the a — v 
O, difference has a physiological limit, at true 
maximal effort maximal oxygen consumption is 
an estimate of maximal cardiac output.? 

The normal response to exercise is an 
increase in cardiac output with an overall 
reduction in systemic vascular resistance 
caused by vasodilatation in exercising muscle 
and a subsequent small increase in arterial 
blood pressure.* Other peripheral adaptations 
include the central displacement of venous 
blood through muscle contraction of the exer- 
cising limbs and the abdominal and thoracic 
muscles. The cardiac response to exercise 
occurs through the integrated effects of 
tachycardia, increased adrenergic stimulation, 
and the Frank-Starling mechanism.‘ In mild to 


moderate exercise the heart rate parallels 
increasing cardiac output mainly through loss 
of vagal restraint. With more strenous exercise 
adrenergic activation supplements this exercise 
tachycardia and increases myocardial contrac- 
tility, leading to an increased stroke volume 
(with an increase in end diastolic volume 
through the -Frank-Starling mechanism). 
Other adaptations improving peripheral 
oxygen delivery are an increased oxygen 
extraction in exercising muscles and the right- 
ward shift of the oxygen-haemoglobin dissoci- 
ation curve.* With regular training, healthy 
people may develop a lower heart rate at rest 
and on exercise. In trained athletes additional 
ventricular hypertrophy and dilatation 
facilitate a higher and more sustained cardiac 
output on exercise. 


Cardiovascular response to exercise in 
chronic heart failure 

In the early stages of chronic heart failure 
compensatory mechanisms maintain cardiac 
output. These are an increase in end-diastolic 
volume with increased preload (the Frank- 
Starling mechanism), left ventricular hyper- 
trophy, and the increased neurohormonal 
response. As heart failure progresses, however, 
an inability to increase adequately cardiac out- 
put in response to exercise develops, with an 
additional decrease in skeletal muscle perfusion 
at rest and on exercise associated with an 
increased vascular resistance in exercising 
muscle.” Although cardiac output can be redis- 
tributed through vasoconstriction so that blood 
flow to exercising muscles and vital organs is 
conserved, this compensatory response may 
become defective. As a consequence arterial 
blood pressure is maintained on exercise to 
preserve flow to non-exercising vascular beds 
to the detriment of blood flow to exercising 
muscle at rest and on exercise.’ Maximal 
oxygen extraction in exercising muscle is 
reached more quickly than in healthy 
individuals and there is greater reliance on 
anaerobic metabolism. The reduction in blood 
flow to the exercising skeletal muscle, and thus 
in oxygen delivery, relates closely to the 
reduced peak cardiac output and exercise 
capacity in these patients.*” 


Skeletal muscle abnormalities in chronic 
heart failure 

In chronic heart failure, either through the 
reduction in cardiac output or physical decon- 


ion compliance c 


ause there are no 
as a reminder 


the simpler the 


Tt compliance 


an never be 


painful 


dose the 


A SINGLE DOSE OF ADALAT CAN NOW 
LAST RIGHT ROUND THE CHOCK.) 


Adalat 


why new LASO has been 


taken simply once a day. 


its slower absorption, more 


and lower peak plasma 


Nas a favourable side- 


ABRIDGED PRESCRIBING INFORMATION (Retar to full data sheet before prescribing) Presentation; Pink lacquered 
loblets asch containing 30mg or 6Orng nifedipine in a controlied release formulation, one side marked Adalat 30 or 
Acala! 60, indications: Mild to moderate hypertension. Dosage and Administration: Adalat LA tablets must be 
swallowed whole, under no circumstances should they be bitten, chewed or broken up, One 30mg tablet once daily 
swallowed whole with a glass of fluid to be taken at approximately 24 hour intervals, preferably during the morning 
Dosage can be increased according to individual requirements up to a maximum of 90mg once daily. Patients 
controfied on Adalat caosules or Adalat Retard may be safely switched to Adaim LA at the recommended initial dose 
of JOmo once day, with subsequent titration to a higher dose as Clinically warranted, Renal impairment Dosage 
edjusimant shouid not be necessary. Guerly Dosage adjustment not usually necessary. Children No 
recommendations for use Contra-indications, wamings etc. Contra-indications: Known hypersensitivity to 
nifacdipine; women of child-bearing potential and nursing mothers; hepatic impairment, history of gastro-intestinal 
obstruction, Oesophageal obstruction, or any degree of decreased lumen diameter of the gastro-intestinal tract: 
inflammatory Dowel disease. Warnings and precautions; If used in combination with beta-blocking drugs and other 
antinypertensives, a possible additive effect resulting in postural hypotension should be borne in mind. Adalat LA will 
not prevent possible rebound effects after cessation of other antinypertensive therapy. Caution in patients whose 


cardiac reserve is poor. Hf ischaemic pain is observed following the introduction of therapy. discontinue treatrnent. 
Diabetic patients may require adjustment of their control. interactions: Interactions have been observed with 
cimetidine and quinidine. Side-effects: Headache, dizziness, flushing and gravitational oedema. Less common side- 
effects include rash, nausea, lethargy and increased frequency of micturition, hypersensitivity-type jaundice, and 
gingival hyperplasia which may regress on withdrawal of therapy. Legal category: POM Package Quantities and 
Basic NHS Cost: Calendar packs containing 28 tablets; Adalat LA 30 £11.76, Adalat LA 60 £15.40. Product Licence 
Numbers : PL 0010/0174-0175 Date of Preparation: April 1992 


References: 1. Chung M ef al Hosp Formul 1990; 25 Suppl A} 15-19. 2 Cruickshank JM & McCainsh J. Acta 
Therapeutica 1992: 18: 53-59, 3. Data on file. 


Further information available from: Bayer UK Limited, Pharmaceutical r 
Business Group, Bayer House, Strawberry Hill, Newbury, Berkshire AG13 1JA 


Telephone: (0635) 39000. © Registered trademark ot Bayer AG. © Bayer UK 


Limited, April 1992. Bayer and (f are trademarks of Bayer AG er toe es ee ee 





@ In 1989, coronary heart disease 
caused 26% of all deaths in 
England, Wales, and Scotland: 


1% reduction in cholesterol reduces 


coronary heart disease by 2%? 


Ihe EAS. BHA goal of 
treatment: <3.2 mmol | ae 


‘Zocor is indicated in 
patients with priman 
hypercholesterolaemia 
with a cholesterol level 
of6.5 mmol | or greater 
and resistant to dietary 


control. COMMENDATION 


ABRIDGED PRODUCT INFORMATION 
Refer to Data Sheet before prescribing. 


INDICATIONS Primary hypercholesterolacemm unrespon 
sive to chet with a cholesterol level of 6.5 mmol litre or greater 


DOSAGE AND ADMINISTRATION Initially 10 me noct 

dose range 10-40 me once daily nocte. Maximum therapeutn 
response occurs within four to six weeks. Consider dose re 
duction if total serum cholesterol level falls below 3.6 mmol. | 
or if LDL vholesterol falls below L94 mmol | (See Datu 
Sheet for full dosage instructions.) A standard cholesterol 
lowermy diet should be continued. Concomitant theraps 

Zocor is effective alone or in combination with bile-acid 
Sequestrarits Lowest recommended dose should be used 
with immunosuppressants. /mpared renal funcnon and 
elderly patients: Modification of dose should not be 
necessary, Children Studies to show safety and efficacy 
have not been done 


CONTRA-INDICATIONS Hypersensitivity to this product 
active liver disease or unexplained persistent clevations of 
serum transaminases: pregnancy and breast-feeding: women 
| child-bearing potent! unless adequately protected by 
non- hormonal methods 


PRECAUTIONS Homozveous familial Aypercholestero! 
gems “Zocor is unlikely to be effective. Hypertrelpcend 
emia Zocor is not indicated where hypertnalveerndaemia 
is the abnormality of most concern, Hepatic effects. Ininal 
and periodic liver function monitoring recommended, Dis 
continue if persistent enzyme clevations Occur particularly 
if thes rise to three times the upper limut of normal, Caution 
in patients with a history of liver disease and or alcoholsm 
Muscle effects; Clinically insignificant transent mild eles 
ations of creatine phosphokinase have been scen. Therapy 
with “Zocor should be discontinued if markedly clevated 
CPK levels occur or if myopathy ts diagnosed or suspected 
Pregnancy: Contra-indicated. One month should elapse 
hetween ending therapy with “Zocor and planned con 
ception. Drug interactions. Care should be taken in patients 
on concomitant lipid-lowerme therapy, particularly tibrates 
or nicotinic acid derivatives of immunosuppressive therapies 
SIDE EFFECTS Side effects reported im contr Hed clinical 
trials abdominal pain. consupanon. flatulence. asthenia 
und headache. Rarely, myopathy. Side effects reported 
either in long-term extension studies or in marketed use 
nausea. diarrhoea. rash. dyspepsia; and rarely, rhabdomyolysis 
und hepatitis. Isolated cases of angioneurotvc oedema also 
have been reported 
BASIC NHS COST tWmy tablets, £15.29 for -tablet 
calendar pack. 20me tablets, £31.09 for 28-tablet calendar 
pack 
Product licence numbers: l0 me tablets, 0025 O24) 
20 mg tablets. 0025/0242 Issued December 1991 
k denotes registered trademark of Merck & Co., Inc 
Rahway, NJ. USA 
REFERENCES 
I OPCS Monitor DHZ. June 19% 
’ Lipid Research Chimes Program. J. Amer med 

isso 1984. 251, 351 


Merck Sharp & Dohme Limited, Hertford Road 
Hoddesdon. Hertfordshire. ENIH 9RI 


E HEART OF THE NATION L OCOR 


(simvastatin, MSD) 


Reducing cholesterol to help 
prevent coronary heart disease 


RA ZUR WORST 





my A} a iS 
_ i ar Tam... meme? 


rth Ths 
rz : 
h » = 
7 ° 
i £ 
pA . { 
: < F ii 
D — 
b od R 
e r - " - 
— 5 . 4 É 
d A 4 Y 
= 
" fma = al 
y a . a 


pea 
i 
© 
a2 
om 
Q 
a 
— 
© 
pA 
= 
= 
Sp) 
=æ 
— 
e 
ee 
Q 
e< 
men 
Z 
Q 
pam 








A user friendly calcium antagonis 
for hypertension and angina 


ABBREVIATED PRESCRIBING INFORMATION FOR ISTIN* INDICATIONS 


IF HYPERTENSION AND MYOCARDIA! 
FOR HYPERTENSION AND ANGINA. INITIAL 
F |OMG. USE IN CHILDREN: NOT RECOMMENDED USE IN 


DOSAGE 


BE INCREASED TO A MAXIMUM DAILY DOSE 
THE ELDERLY; NORMAI 


AReCARE Di 
DOSAGE REI 


IMPAIRMENT 


p 
H 


“ede eel - ; , 
ISCHAt N A ASS CIA ET) WITH 


DOSAGE 5MG ORALLY 


SAGE USE IN RENAL IMPAIRMENT: NORMAL D 
OMMENDATIONS HAVE NOT BEEN ESTABLISHEL 


FIRST-LINE TREAT 





AMLODIPINE 





“ 
fa 
&. 

> 


ROPYR 


MENT CONTRA-INDICATIONS: KNOWN SENSITIVITY T 


Win yt 


STABLE ANGINA PECTORIS PREGNANCY AND LACTATION: ISTIN SHOULD NOT BE ADMINISTERED 
INCE DAILY WHICH MAY R TO WOMEN OF CHILD: BEARING POTENTIAL UNLESS EFFECTIVE CONTRAI 
FLUSHING, OEDEMA, FATIGUE. HEADACHE. DIZZINESS AND NAL 
SAGE USE IN HEPATIC NHS COST: 5MG TABLETS CALENDAR PACK OF 28 £11.85 (PL O057/ 
USE WITH CAUTION OF 28 £17 70 (PL 0057/0298). FURTHER INFORMATION ON 





Pfizer 3 Trade Mi 


/ 


A in 


2 


LOMG 


= 


EPTION iS USET 
EA PACKAGE QUANTITIES AND BASIC 
97 ALENDAR PACK 


ALAT IEST PFIZER LIMITED, SANDWICH KENT 


any 
AILE 


‘ey 
+ 


4 gh 


~ 


DINES. WARNINGS AND PRECAUTIONS 


y RING g REGNAN y 


1 
mi 


SIDE-EFFECTS 


Exercise training as therapy for chronic heart failure 


ditioning, the vasoreactivity of the skeletal 
muscle vascular bed becomes impaired and the 
oxidative capacity is altered. Several his- 
tological and histochemical changes have been 
noted in the skeletal muscle of patients with 
heart failure. In different studies, atrophy of 
type I fibres" and type II fibres?" * or an 
increased percentage of type IIb fibres"? '* have 
been reported. These resemble the changes 
seen after deconditioning in healthy people. 

A reduction in blood flow to exercising limbs 
during submaximal and maximal exertion was 
an early peripheral abnormality found in 
chronic heart failure.” Further work showed 
that this failure to augment maximal blood flow 
adequately in exercising muscle may occur 


independently of cardiac performance on exer- 


cise.'* Maximal blood flow to exercising 
skeletal muscle is reduced in chronic heart 
failure to some extent as a result of a normal 
mean arterial blood pressure being main- 
tained.” This reduced flow results from a 
reduced muscle driving pressure (arterial 
minus venous pressure) as well as impaired 
vasodilatation in the muscle bed.” 1 However, 
at a given work rate, forearm muscle blood flow 
was similar in patients with heart failure and in 
healthy controls, implying that blood flow 
matches workload in a small muscle group but 
that this linear relation does not hold in larger 
muscle groups where vasodilatation is 1m- 
paired. 

Magnetic resonance spectroscopy of high 
energy phosphate metabolism (*'P-MRS) 
showed excessive dependence on anaerobic 
glycolysis with rapid depletion of phospho- 
creatine and early lactic acid production in the 
forearm muscles of patients with chronic heart 
failure compared with healthy controls.’*™ 
This excessive depletion of phosphocreatine on 
exercise occurs to a greater extent in exercising 
leg muscles in the absence of any difference in 
leg blood flow at the same workload.” Al- 
though Massie et al found a correlation be- 
tween such skeletal muscle metabolic abnor- 
malities in the forearm on exercise and the 
clinical severity of chronic heart failure, the 
skeletal muscle abnormalities were unrelated to 
muscle blood flow.’° Thus the reduced exercise 
capacity of chronic heart failure cannot be 
explained by changes in muscle blood flow 
alone. 

It is likely that there is a defect of oxidative 
metabolism in skeletal muscle in chronic heart 
failure, which is consistent with the reduction 
in volume of mitochondrial cristae in skeletal 
muscle cells. Although concentrations of 
glycolytic enzymes are reported to be nor- 
mal,!°!? mitochondrial enzymes involved in 
substrate use such as succinate dehydrogenase 
and f-hydroxyacyl-coenzyme A dehydrogen- 
ase are reduced.'® However, it has been difficult 
to correlate early phosphocreatine depletion 
with such histochemical abnormalities.” 


Exercise training as therapy 

Formerly, exercise training in patients with 
chronic heart failure was believed to be harm- 
ful, causing worsening of symptoms and fur- 
ther compromising cardiac function. Though 
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there is some evidence to suggest that exercise 
training may cause further changes in left 
ventricular wall thinning and shape distortion 
in patients with a large degree of ventricular 
asynergy soon after myocardial infarction,” 
there is no evidence for functional deterioration 
in patients with well compensated chronic 
heart failure.) Several studies over the past 
decade showed that exercise programmes were 
not harmful but were of benefit when carefully 
controlled protocols were used.” Exercise 
capacity measured as maximal oxygen con- 
sumption or exercise duration may be in- 
creased and this increase is associated with 
several beneficial peripheral and metabolic 
adaptations.”™ The remaining uncertainties 
about exercise as a treatment relate to patient 
selection and to the optimal intensity and 
duration of therapy. 

Lee et al first showed improvement in mean 
exercise duration after long-term physical 
training in 18 patients with chronic heart 
failure who showed no change in resting car- 
diac output or central haemodynamic vari- 
ables.” In another study to investigate the 
central and peripheral haemodynamic and 
metabolic adaptations to long-term exercise, 
Sullivan et al studied 12 patients (mean (SEM) 
left véxtricular ejection fraction of 24 (10)%) 
before and four to six months after four hours 
of regulated exercise per week and showed a 
mean increase of 23% in maximal oxygen 
consumption.” There was also a reduction in 
heart rate at rest and submaximal exercise and 
an increase in the systemica — v O, difference at 
rest and peak exercise, which was first noted 
after 75 days of training. There were no 
changes at either rest or exercise in arterial 
pressure, pulmonary wedge pressure, stroke 
volume, or ejection fraction, with only a trend 
towards an increase in cardiac output. The 
increase in the systemic a — v O, difference was 
attributed to a redistribution of cardiac output 
to working skeletal muscles. In addition to this 
central adaptation there were increases in leg 
blood flow (with reductions in vascular resis- 
tance) and delivery of oxygen to the leg at peak 
exercise, in a — v O, difference (greater oxygen 
extraction) and a reduction in lactate produc- 
tion at submaximal exercise. The fall in lactate 
production was independent of leg blood flow, 
implying a true peripheral adaptation indepen- 
dent of haemodynamic changes. There was also 
a significant increase in haemoglobin concen- 
tration after training. The response to exercise 
was unrelated to any resting variable: the 
change in maximal oxygen consumption 
correlated with the increase in cardiac output 
and leg blood flow and also with the amount of 
time spent exercising each week.” In another 
study of patients in New York Heart Associa- 
tion class I who followed a more intensive 
training regimen, Ehsani showed increases 
both in stroke volume and in maximal peri- 
pheral oxygen extraction.” 

It has been suggested that some of the 
secondary changes seen in chronic heart 
failure—such as neurohormonal activation and 
changes in skeletal muscle and peripheral vas- 
culature—may be a result of physical decon- 
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ditioning itself. The autonomic imbalance 
(increased sympathetic activity) seen in 
moderate to severe chronic heart failure may 
reduce heart rate variability and thus predis- 
pose the patient to sudden death.” In one 
study, 11 patients with stable moderate to 
severe heart failure (left ventricular ejection 
fraction 19 (8)%) performed 20 minutes of 
daily bicycle exercise (five days a week) to 60- 
80% maximum heart rate over eight weeks ina 
crossover study with eight weeks rest. Exercise 
duration and maximal oxygen consumption 
increased by around 20%. This increase in 
maximal oxygen consumption correlated 
closely with a reduced heart rate at rest and 
submaximal exercise, an increased heart rate 
variability, and a reduced resting noradrenaline 
spillover, suggesting an association between 
the improvement in exercise capacity and 
reduced autonomic imbalance.” 


Mechanisms for improvement in exercise 
capacity with training 

The mechanism whereby the low output state 
of chronic heart failure alters the oxidative 
capacity of skeletal muscle is not known. Pos- 
sible mechanisms include increased activity of 
the sympathetic nervous system or neurohor- 
monal changes or chronic low grade ischaemia. 
The metabolic changes found in the finger 
flexor muscles of patients in heart failure do not 
support disuse as a cause in its own right.'® 
Musch et al studied the effects of low and high 
intensity exercise training in rats with chronic 
heart failure. High intensity training con- 
ferred an additional increase in the maximal 
a — v O, difference, a reduction in resting and 
maximal heart rate (reversal of “chronotropic 
incompetence”) and an increase in cardiac 
output compared with low intensity training. 
Whether the extent of exercise performed in 
humans determines the extent of changes in 
skeletal muscle blood flow and metabolism is 
not known. Other possible adaptations accoun- 
ting for the training-induced delay in anaerobic 
metabolism, in addition to vascular and bio- 
chemical adaptations in skeletal muscle, dre a 
decreased adrenergic activity with exercise,” 
changes in substrate delivery, or alterations in 
intramuscular blood flow distribution.” The 
increase in haemoglobin concentration (which 
could account for increased peripheral oxygen 
delivery) probably occurs after training 
because diuretic treatment prevents an increase 
of plasma volume.” 

Peripheral deconditioning accounts for the 
impairment of vasodilator capacity to a large 
degree. Sinoway et al showed that a unilateral 
programme of dynamic handgrip over 30 days 
led to a greater peak blood flow response to 
ischaemia and lower minimal vascular resis- 
tance in the trained forearm of patients with 
heart failure (compared with the control fore- 
arm), in the absence of changes in systemic 
aerobic capacity.” Skeletal muscle blood flow 
and metabolism are closely linked because the 
distribution of blood flow on exercise is 
matched to local metabolism. It is likely that 
the benefits of physical training also occur 
predominately through reversal of the reduc- 
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tion in oxidative capacity. In another study of 
the independent peripheral adaptation to 
regular exercise, Minotti et al performed a 
localised training regimen on the forearm of 
patients with heart failure. Endurance im- 
proved and was associated with a reduction in 
the ratio of inorganic phosphate to phospho- 
creatine (P/PCr) at *P-MRS (indirect 
evidence of increased oxidative capacity).™ 
This occurred in the absence of changes in 
forearm blood flow, which implies that 
regulated exercise improves the metabolic res- 
ponse of skeletal muscle to exercise. It may be 
that this is a major mechanism whereby exer- 
cise training improves exercise capacity in 
chronic heart failure. 

It is also of interest that improvement in 
maximal oxygen consumption may lag behind 
objective measurements of resting cardiac 
function after the start of drug treatment; this is 
further evidence of a coupling process between 
cardiac performance and circulatory and 
metabolic function during exercise in patients 
with chronic heart failure.” 


Conclusions 

Exercise training benefits patients with well- 
compensated chronic heart failure, even in 
those with considerable left ventricular impair- 
ment. It delays the onset of anaerobic meta- 
bolism in skeletal muscle reversing the 
impairment of peripheral vasodilatation and 
improving blood flow to exercising muscles. It 
is safe and does not induce clinical deteriora- 
tion as previously believed. However, many 
previous studies have not taken patient motiva- 
tion and thus compliance into account. More 
controlled studies are required to determine 
the intensity and duration of exercise training 
required. It is likely that those who show no 
adaptation to a low intensity training pro- 
gramme within six weeks should not continue 
with the programme.” The use of exercise 
training as a treatment in patients with chronic 
heart failure has provided another means of 
treating a pathophysiological state that otherw- 
ise has a natural history of gradual deterioration 
and high mortality despite early pharmaco- 
logical intervention. However, whether this 
increase in exercise capacity can be sustained 


and reflected in an improved survival is not 


known. 
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Occurrence of valvar heart disease in acute 
rheumatic fever without evident carditis: colour- 
flow Doppler identification 


Gordon M Folger Jr, Rachel Hajar, Andrej Robida, Hajar Ahmed Hajar 


Abstract 

Objecttve—To determine the frequency 
of occurrence of mitral and aortic valvar 
regurgitation in rheumatic children in 
whom there was no evidence of carditis 
acutely or at an earlier attack. 

Design—Colour flow Doppler imaging 
was used in a non-randomised study of 
sequentially admitted children who met 
the criteria for acute rheumatic fever 
without clinically evident carditis and 
patients in whom the disease was quies- 
cent after a previous attack of rheumatic 
fever. Two separate control groups were 
used for comparison of the echocar- 
diographic findings, and a group of 
patients with confirmed rheumatic car- 
ditis was included for comparison of 
acute phase and antistreptococcal reac- 
tants. 

Setting—A general hospital with the 
only paediatric inpatient department in 
Qatar. 

Patients—From November 1988 to 
October 1990, 11 children were studied 
during the acute rheumatic period. In 
seven additional children the disease was 
quiescent when they were studied 18 to 36 
months after a documented episode of 
acute rheumatic fever in which there was 
no evidence of carditis. The control 
patients were all studied during the same 
period. 

Main outcome measure—Detection of 
mitral and aortic regurgitation in 
patients without clinical evidence of 
rheumatic carditis in the acute or quies- 
cent stages of the disease. 

Results—Mitral or mitral and aortic 
regurgitation was found in 10 of the 11 
children studied in the acute rheumatic 
period. None had a murmur or other 
evidence of carditis. In all the cases 
studied the valvar insufficiency was mild. 
Four of the children studied late in the 
quiescent period had either aortic or 
mitral insufficiency by colour flow Dop- 
pler evaluation; two children who had 
previously had valvar insufficiency no 
longer showed this, and one child without 
positive findings in the acute phase 
remained without insufficiency. None of 
the non-rheumatic control subjects 
showed mitral or aortic regurgitation. 

Conclustons—Colour flow Doppler 
imaging is a useful method of identifing 
subclinical mitral and aortic valvar dis~- 
ease at all stages of rheumatic fever when 


carditis cannot be otherwise detected and 
is a valuable addition to current diagnos- 
tic criteria. 


It can be difficult to confirm the diagnosis of 
acute rheumatic fever when the only major 
manifestation is non-cardiac. Recurrences are 
common but with the patient’s cooperation 
they can be prevented: when the heart is 
affected the prevention of a recurrence is vital. 

We showed that Doppler echocardiography 
identified subclinical (that is, without auscul- 
tatory signs) degrees of valvar incompetence 
involving the mitral and aortic valves in chil- 
dren who had typical migratory polyarthritis as 
their only major rheumatic manifestation.’ The 
purpose of this report is to extend our previous 
findings by the use of colour flow Doppler 
echocardiographic studies in both the original 
group of patients and in newly occurring cases. 


Patients and methods 

Since our preliminary report that indicated a 
high incidence of unsuspected mitral and aortic 
valve disease in a small number of acute 
rheumatic fever patients without evidence of 
carditis,’ we have studied a consecutive series 
of new cases and patients from the earlier study 
by adding colour flow imaging to the study 
design. Four groups of children make up the 
patient population. Children in group 1 had 
confirmed acute rheumatic fever without clin- 
ical evidence of cardiac involvement: children 
evaluated since the end of the previous study 
made up group la and children from the 
original study were group 1b. Group 2 was 
made up of the new patients with obvious 
carditis who were compared with group la for 
indicators of acute rheumatic fever such as 
acute phase reactants. Group 2 was not 
included in the echocardiographic analysis 
because these children all had clinical evidence 
of mitral or aortic regurgitation when they 
entered the study. Group 3 includes children 
who were admitted to hospital with arthralgia 
or arthritis during the same period as those in 
group la and were subsequently shown not to 
have rheumatic fever. Patients in group 4 
underwent diagnostic Doppler and colour flow 
echocardiography for other conditions suspec- 
ted to be associated with cardiovascular 
problems. 

The sole criterion for entrance into groups 1 
to 3 of the study was suspicion by the admitting 
house officer of the possibility of acute 
rheumatic fever. In many instances this was a 
diagnosis by exclusion and with few exceptions 
was based primarily upon articular complaints 
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and findings. A routine blood count, eryth- 
rocyte sedimentation rate, C reactive protein, 
antistreptolysin O titre, chest radiograph, and 
electrocardiogram were obtained at admission. 
To allow for night and weekend admissions 
complete cross sectional echocardiographic 
study including Doppler and Doppler colour 
flow imaging were performed within 48 hours 
of admission, and before any specific treatment 
for rheumatic fever was started. 

The patients were all examined by at least 
two of us. At least one of us was also involved 
with the echocardiographic procedures. Except 
for group 4 patients, who were studied at 
random, the suspected diagnosis—rheumatic 
fever—was known to each of us at the time of 
echocardiographic study. In the initial clinical 
assessment and before echocardiographic 
evaluation, the newly presenting children in 
whom there was interobserver disagreement 
about the physical findings, principally the 
nature of any murmur detected, were accepted 
as having evidence of carditis and automatically 
assigned to group 2. 

All studies were performed with an Accuson 
128. Colour flow imaging became available to 
us in November 1988. This was the starting 
date of the current study, which finished in 
October 1990. 

The Doppler echocardiographic guidelines 
used were identical to those of the previous 
study.’ Briefly, regurgitant flow relative to the 
valve under investigation had to be holosystolic 
(mitral) or holodiastolic (aortic) with peak 
velocities for both exceeding 2:5 m/s; occasion- 
ally an envelope with terminal high velocity 
signals was difficult to obtain. All colour flow 
findings continued throughout the appropriate 
cardiac phase for that valve and clearly had to 
extend past the paravalvar region. Also, mosaic 
colour changes indicative of high velocity tur- 
bulence had to be seen. 


Results 

Every patient from the rheumatic groups (1 and 
2) satisfied the major and minor aspects of the 
Jones criteria. Clinically the children in group | 


Table 1 Colour flow doppler imaging acute phase 
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had only one major criterion (arthritis, chorea, 
or erythema marginatum) without any suppor- 
tive clinical evidence of carditis; by contrast the 
group 2 patients all had auscultatory evidence 
of carditis or valvitis and thus had two major 
criteria. Several children from both groups had 
antistreptolysin O titres in the high normal 
range, a finding known to occur in roughly 20% 
of cases of acute rheumatic fever*; in our 
institution we perform no other streptococcal 
antibody investigations so that evidence of 
preceding streptococcal infection in these chil- 
dren was suspected but could not be confirmed. 


GROUP 1A 

Table 1 shows details of the 11 children in 
group la. This brings to a total of 21, including 
those from the preliminary study,’ the children 
who make up our experience of patients with 
acute rheumatic fever without clinical evidence 
of carditis. Of these, nine presented with 
polyarthritis as their only major rheumatic 
symptom. One child had only a rash, con- 
sidered to be that of erythema marginatum 
(patient 6). One child gave a history of chorea 
lasting more than one month and was having 
obvious choreiform movements when studied. 
Figures | and 2 show the colour flow Doppler 
images for this child. 

No patient in group | showed any of the 
usually accepted clinical manifestations of 
active carditis; PR interval prolongation by 
itself, which was present in nearly 30% of these 
children, is generally considered non-specific 
and non diagnostic of rheumatic carditis. In 
addition to the absence of any murmurs even 
remotely suggestive of mitral or aortic regur- 
gitation, indicators of carditis such as pericar- 
ditis, radiographic change in heart size, or 
tachycardia persisting longer than the febrile 
period were not found. Slightly less than half of 
these children had systolic murmurs of 
typically innocent quality and in the remainder 
no murmurs were heard. In no instance was 
there a history of previous rheumatic fever. All 
the patients, except one with chorea, were 
treated with aspirin as their only anti-inflam- 
matory medication. 





Patient data Valvar regurgitation 
Age Clinical ESR Murmur Follow up 

Case sex {y) diagnosis (mmjkr) ASO ECG (intensity ) MR AR MR+ AR (months} Remarks 
Group la (non-carditis): 

H 14,M — Arthritis 100 800 I°AVB 0 + — — 7 MR 

2 7,M  Artbritis 96 200 N 0 + _ — 8 Negative 

3 9,M = Arthritis 100 400 1°AVB 0 + — — 

4 8, F Arthritis 127 300 N BESM (2/6) — — + 

5 10, F Arthritis 105 200 N BESM (1/6) — ~- + 

6 9M EM 125 600 N 0 = ~ — 

7 11, F Chorea 19 300 N 0 ~=- — + 6 MR + AR 

8 12,M Arthritis 99 300 1°AVB BESM (2/6) + — — l 

9 9, F Arthritis 126 1200 N BESM (1/6) + — — 3 Negative 
10 10,M_ Arthritis 133 400 N 0 ~ — + 1 MR + AR 
1} 10, F Arthritis 118 800 N BESM (1/6) + ~- — 
Group 2 (carditis): 
12 7-11, 95 200 5 1°AVB MR 4 3 — 5 Colour flow Doppler 

M5 3N AR 1 identified additional 
19 F3 130 1600 MR + AR3 valvar involvement in 2 
cases 





AR, aortic regurgitation; ASO, antistreptolysin O titre; AVB, atrioventricular block; BESM, basal ejection systolic murmur; 
CH, chorea; EM, erythema marginatum; ESR, erythrocyte sedimentation rate; MR, mitral regurgitation; N, normal. 
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Figure 1 Colour flow Doppler imaging of mitral valve, 
parasternal axis view in case 7. (A) Early systole. 
Note mosaic coloured flow signal (arrow) entering left 
atrium (la). pml, posterior mitral valve leaflet. (B) 
Late systole. Holosystolic incompetence identified by the 
persistence of the regurgitant signal. (C) Continuous 
wave Doppler echocardiogram showing holosystolic high 


velocity flow away from transducer. 


Colour flow Doppler imaging showed mitral 
regurgitation only in six children (cases 1, 2, 3, 
8, 9, 11) and mitral and aortic regurgitation in 
four (cases 4, 5, 7, 10). The only child without 
evidence of valvar incompetence was case 6 
who had recurrent fever and a circinate rash, 
thought by many observers to be erythema 
marginatum. Both symptoms lasted for 
roughly one month; rheumatic fever in this 
patient has been neither confirmed nor ruled 
out. Ten of 11 children therefore, in this study 
group had evidence of either mitral or mitral 
and aortic regurgitation with no auscultatory 
findings. 


GROUP 1B 
Figure 3 shows that of the preliminary group of 
10 subjects,’ seven had colour flow Doppler 
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Figure 2 Colour flow Doppler imaging of aortic valve, 
four chamber view in case 7. (A) Early diastole. Note 
mosaic coloured flow signal. Arrows show the extent to 
which it extends below the aortic valve (ao). la, left 
atrium, lu, left ventricle. (B) Late diastole. Regurgitant 
signal ibid identifying holodiastolic în tence, 
Note that the appearance ts now of minimal 

disturbance at the jet periphery with preservation of the 
central laminar core, effectively narrowing the jet width 
and possibly explaining the late high velocity signal drop 
out seen in panel C. (C) Continuous wave Doppler 
echocardiogram identifies high velocity regurgitant flow 
toward the transducer. The high velocity envelope 
becomes attenuated as late diastole ts approached. 


analysis 18 months to three years after the acute 
episode. Of the six children who had positive 
Doppler echocardiographs in the acute period, 
four continued to show incompetence of at least 
one valve and two had become completely 
normal; none had developed murmurs of mitral 
or aortic regurgitation. One child who showed 
no positive findings in the acute period was not 
followed up. Two other patients not now 
available to the study, were positive by Doppler 
echocardiography early in the quiescent 
period. 
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Figure 3 Long-term outcome of children with acute rheumatic fever without evident carditis. Four of the six children 
now undergotng follow up who showed Doppler echocardiographic evidence of valvar insufficiency in the acute pertod 


continued to have positive findings by colour flow Doppler 18 to 36 months later. 


GROUP 2 l 

Table 1 shows details of the eight children 
included in group 2, who were all considered to 
have auscultatory evidence of carditis. The 
group was similar in age range and sex to those 
in group la. The ranges of their prolongations 
of P R interval, acute phase reactants, and 
antistreptolysin O titres were also similar, as 
was their echocardiographically determined 
valvar involvement. It is noteworthy that 
colour flow Doppler analysis identified 
additional and clinically unsuspected valvar 
regurgitation in two of these children. 


` CONTROL PATIENTS (GROUPS 3 AND 4) 

Table 2 shows details of groups 3 and 4. The 
children included in group 3 served as controls 
because they were shown eventually not to have 
rheumatic fever. Each of these seven children, 
who ranged in age from four to 11, had been 
admitted as possibly having acute rheumatic 


Table 2 Details of control patients 


fever because of complaints and findings of 
arthritis or arthralgia. None of them showed 
evidence of regurgitation involving either the 
mitral or aortic valves. This finding was iden- 
tical to that in the previous report.’ The 
occurrence of trivial flow into the left atrium in 
presystole that persisted briefly into early sys- 
tole in one of these children was considered to 
be physiological. 

The seven children aged four and a half to 16 
who make up group 4 were studied during their 
admission for indications not related to 
rheumatic fever. None of them showed mitral 
or aortic incompetence. 


Discussion 

The present study confirmed our preliminary 
findings that the addition of Doppler echocar- 
diography gave useful diagnostic information.’ 
We also found that the addition of colour flow 


Colour flow 
Group Indication for study (n) ESR (mmj|hr)| ASO (units) Doppler 
Group 3 Tendinitis (1) 50/200 0 
(age range 4 — 11) (F3 M4) Reactive polyarthritis (2) 25/ <200 TR 
Non-specific arthralgia (1) $7) <200 bias 
Cc 
Monatienies arthritis (1) 20/ < 200 PR 
Anaphylactoid purpurea (2) 90 0 
55/< 200 (1) 0 
Group 4 Cardiac lant (1) 0 
(age range 45-16) (F4 M3) Conduceen «buona (2) 0 
Obesity (1) NP 0 
Cardiomegaly (2) TR (2) 
cent murmur (1) TR 





NP, not performed; Phys MR, physiologic mitral regurgitation; PR, pulmonary regurgitation; TR, tricuspid regurgitation. 
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imaging identified the site of the valve regur- 
gitation and was especially useful in the small 
number of children in whom a complete spec- 
tral envelope could not be obtained (fig 2). This 
small study group represents a considerable 
experience of acute rheumatic fever. We are 
aware of no other study which Doppler 
echocardiography and Doppler colour flow 
mapping were used to detect valvar regurgita- 
tion in children without clinical evidence of 
carditis. Both methods detected regurgitation 
in a high proportion of patients. Indeed, the 
combined findings of 18 out of 21 patients 
studied who had mitral, or aortic regurgitation, 
or both, in the acute period is noteworthy. 
These findings accord with those of other 
groups who used different methods of detec- 
tion.’ * 

Several groups have found mitral regurgita- 
tion by Doppler and colour flow imaging in 
normal children.*’ From the descriptions of 
these it is apparent that the findings are usually 
those of abbreviated regurgitant flow into the 
left atrium, which we have also found. This 
occurs early in systole, occasionally starting in 
presystole, and seems to be a physiological 
event seen more commonly in older people. If 
our guidelines for mitral regurgitation were 
strictly followed overdiagnosis of organic 
mitral regurgitation is highly unlikely. Recen- 
tly published reports*”’ and our own experience 
strongly suggest that non-organic (functional) 
mitral regurgitation does not produce holosys- 
tolic flow by Doppler echocardiography or 
colour flow imaging techniques. To our 
knowledge aortic regurgitation 1s not a normal 
finding. 

These results have several implications for 
the diagnosis and management of patients with 
rheumatic fever. We believe that the colour 
flow Doppler findings should be added to the 
existing Jones criteria for diagnosis of acute 
rheumatic fever,® especially because of the 
difficulty encountered when the Jones criteria 
are not completely satisfied. Because under the 
colour flow Doppler conditions described here 
these regurgitant flow patterns are not present 
in normal children and young adults,*” their 
presence when carditis is not clinically 
apparent should be of considerable value in the 
diagnosis of rheumatic fever. None of the 
control patients showed evidence of organic 
mitral or aortic regurgitation. ‘As is usual, there 
was occasional tricuspid and pulmonary valvar 
regurgitation®’ in some of the controls as well 
as in several of the patients with rheumatic 
fever. 


Some view the natural history of rheumatic: 


fever when there is no clinical evidence of 
carditis as quite different and more favourable 
than when carditis is obvious.” ° The term 
mimetic'’ has been applied to each of these 
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events suggesting reduced likelihood of valvar 
heart disease with recurrences of rheumatic 
fever when no carditis was obvious during the 
initial or subsequent bouts. The current find- 
ings however, indicate otherwise. They show 
that an appreciable number of these valves have 
been rendered incompetent regardless of the 
trivial nature of the findings, and many were 
still incompetent at follow up examination. To 
be more specific, these patients have valvar 
heart disease as a result of carditis that was not 
evident by the usual clinical means and this 
discovery is relevant to the perception of the 
natural history of pure rheumatic polyarthritis. 
Acute rheumatic fever without carditis is 
obviously not the benign entity that others have 
indicated, because it is nearly always accom- 
panied by subclinical carditis, and the future of 
these patients is less certain than has been sup- 
posed.*"' This also applies to chorea without 
evident carditis. 

Anatomical deformity aside, it may be that 
these valves become more vulnerable” to 
damage by a recurrence of infection. This 
possibility must be considered before measures 
to prevent rheumatic damage are relaxed. 

We believe that the addition of colour flow 
Doppler echocardiography to the Jones criteria 
for acute rheumatic fever would improve the 
identification of patients with mitral or aortic 
valve disease who require lifelong prophylaxis 
against rheumatic fever but who have no clin- 
ical evidence of cardiac involvement. 
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Aortic valve regurgitation and the congenitally 
bicuspid aortic valve: a clinico-pathological 


correlation 


A S Sadee, A E Becker, H A Verheul, B Bouma, G Hoedemaker 


Abstract 

Objective—To investigate the mor- 
phology of congenitally bicuspid aortic 
valves causing pure valve regurgitation. 

Design—A case series collected over 
five years. 

Setting—An academic hospital. 

Patients and methods—One hundred 
and forty eight excised congenitally 
bicuspid aortic valves. The morpho- 
logical findings were correlated with sex, 
age, clinical history, and data on 
haemodynamic function before opera- 
tion. Pure valve regurgitation was defined 
as grade 3-4/4 with a gradient less than 30 
mm Hg. Aortic root dilatation was 
evaluated angiographically or echocar- 
diographically or both. 

Results—Three types were recognised: 
valves that were purely bicuspid (23%), 
bicuspid valves with a raphe (34%), and 
valves with an additional indentation of 
the free edge of the conjoined cusp (43%). 
In 14 cases pure valve regurgitation was 
present. Dilatation of the aortic root was 
present in 47 cases. The relative risk for 
regurgitation when the aortic root was 
dilated (compared with no dilatation) was 
3-99, The relative risk for valve regurgita- 
tion when there was indentation of the 
conjoined cusp (compared with no inden- 
tation) was 4°95. The mean age at opera- 
tion in patients with pure regurgitation 
was 56 years, which is significantly 
younger (p = 00008) than that of patients 
with a congenitally bicuspid valve with 
combined valve stenosis and regurgita- 
tion (64:7 years). 

Conclusions—Congenitally bicuspid 
aortic valves with a central indentation of 
the free edge of the conjoined cusp seem 
particularly likely to develop pure aortic 
valve regurgitation. 


Congenitally bicuspid aortic valves are not 
rare. The frequency of such valves in the 
population is estimated at approximately 
1-2%.' The clinical course is usually domin- 
ated by acquired conditions such as infectious 
endocarditis and degenerative changes. Degen- 
erative changes are an important cause of aortic 
valve stenosis requiring valve replacement.”* 
Less is known, however, about the morphology 
of the congenitally bicuspid aortic valve that 
causes pure aortic valve regurgitation. 


The present study was designed to inves- 
tigate this particular aspect. 


Patients and methods 

We studied 148 patients (99 men, mean age 
63-6 (31-3-85-7); 49 women, mean age 65-4 
(34-9-81-0)) who had aortic valve replacement 
because they had what appeared to be a congen- 
itally bicuspid valve. Patients with infectious 
endocarditis were excluded. 

For each patient we noted the sex, age, 
clinical history, and haemodynamic variables 
assessed during preoperative cardiac catheter- 
isation. Pure aortic valve regurgitation was 
defined as grade 3-4/4 with a gradient of less 
than 30 mm Hg measured during cardiac 
catheterisation.’ Aortic root dilatation was 
assessed preoperatively during catheterisation 
in the usual qualitative manner,‘ or by means of 
M mode echocardiographic examination of the 
aorta in the parasternal long axis (> 37 mm)’ 

All 148 valves were fixed in 10% formalde- 
hyde. Those valves excised in parts were 
carefully reconstructed. We paid particular 
attention to the shape of the leaflets and the 
presence or absence of a raphe. Calcifications, 
when present, were graded in a semiquan- 
titative manner as slight (+), moderate (+ ) or 
severe (+ +). Calcifications were graded as 
slight if only a few calcified spots were iden- 
tified. Valve calcification was regarded as 
severe when there were extensive deposits 
throughout both leaflets. Calcification between 
these extremes was graded as moderate. 


STATISTICAL ANALYSIS 

Differences between the recorded results 
where p < 0-05 were regarded as statistically 
significant. Differences between proportional 
variables were tested with a y’ test and differen- 
ces between continuous variables were tested 
by Student’s ¢ test. The study population was 
stratified according to valve morphology and 
the presence of aortic root dilatation. Risk 
ratios with 95% confidence intervals for aortic 
valve regurgitation were calculated according 
to Miettinen and Nurminen.” 


Results 
Three categories of valve morphology were 
identified (table 1 and figu | : 
with a raphe, which were wk ” 
ital bicuspid aortic val | í 
cusp. There were 51 val 
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Secondly, a similar bicuspid valve with a 
distinct indentation of the free edge of the 
conjoined leaflet. There were 63 valves in this 
class (43%). Finally, in 34 congenitally bicus- 
pid valves there was no detectable raphe (23% 

Of the 148 valves 143 showed some degree of 
calcification (table 1). The five valves without 
calcification all belonged to the group of (14 
valves with pure regurgitation. 

There was pure aortic valve regurgitation in 
14 patients and dilatation of the aortic root in 
47. Tables 1 and 2 show the correlation of valve 
dysfunction with each of the three different 
types of valve morphology and the relation 
between valve dysfunction and aortic root 
dilatation. Table 3 shows the data on valve 
morphology and the state of the aortic root in 
relation to the occurrence of pure aortic re- 
gurgitation. 

We calculated the relative risk (RR) of pure 
aortic valve regurgitation when the aortic valve 
was indented. We also calculated the relative 
risk of valve regurgitation when the aortic root 
was dilated. Table 4 shows the results and the 
95% confidence intervals. 

Patients with pure valve regurgitation were 
significantly younger (mean 56 years) at opera- 
tion (p = 0:0008) than the group with congen- 
itally bicuspid valves who did not have pure 
valve regurgitation (64-7 years). The numbers 
were too small to show any significant differen- 
ces in age at operation in the subgroups. 


Discussion 

Examination of 148 surgically resected congen- 
itally bicuspid aortic valves showed three dis- 
tinct groups: purely bicuspid valves (23%). 
bicuspid valves with a conjoined cusp contain- 
ing a raphe (34%), and valves with a conjoined 
cusp and a distinct central indentation of the 
free edge (43%). This particular morphology 
has been reported as an important cause of 
isolated aortic regurgitation,’ V but its impor- 
tance has not been further evaluated. 

The present study shows that this particular 
type of valve morphology is likely to underly 
pure aortic valve regurgitation. Indeed, this 
was the case in 11 of 63 (17-5%) valves in this 
category, in contrast to only three (3-5%) out of 
85 valves without such an indentation. The 
underlying mechanism almost certainly relates 
to the fact that the peculiar morphology inter- 
feres with the proper coaptation of the valve 
cusps, particularly once degenerative age re- 
lated changes make the valve leaflets less 
mobile. 

The relative risk of valve regurgitation was 
significantly increased when a congenitally 
bicuspid valve was indented, (table 4). 

Five of the 14 valves associated with pure 
valve regurgitation showed no gross calcifica- 
tions, whereas there was slight to moderate 


Top) Gross appearance of a congenitally bicuspid aorti 
valve with degenerative changes; (middle) a congenitally 
bicuspid aortic valve with a raphe and extensive 
calcifications; and (bottom) a degeneratively changed 
congenitally bicuspid aortic valve with an indentation of 
the conjoined cusp, which also contains a raphe. The 
rolled free edge of the conjoined cusp is a clear expression 
of long term serious valve regurgitation 
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Table 1 Relation between valve dysfunction and valve morphology 








Morphology Pure regurgitation Stenosis/regurgitation Total 

Bicuspid 1 33 (7+; 26+ +) ' 34 

Bicuspid with raphe 2(1+31+) 49 (1+; 7+3;414+ 4+) 51 

Bicuspid with raphe and 11 Be eas 52 (14+; 38+ +) 63 
indentation , 





Calcification: +, slight; +, moderate; + +, severe. 


Table 2 Relation between valve dysfunction and the 
state of the aorttc root 


Pure Stenosis] 
Root regurgitation regurgitation Total 
Normal 5 96 101 


Abnormal 9 38 47 


calcification in the remaining nine valves. 
These observations contrast with the moderate 
to severe calcification in all valves associated 
with combined stenosis and insufficiency. The 
age at operation may be a factor but it is 
tempting to attribute this finding to haemo- 
dynamic differences. 

Although prolapse of valve leaflets is widely 
accepted as a cause of regurgitation where the 
aortic valve is congenitally bicuspid,’° none of 
our patients showed evidence of prolapse at the 
preoperative examination. On the other hand, 
dilatation of the aortic root is known to be an 
important associated anomaly.™!! Although the 
precise pathogenetic mechanisms are not yet 
fully understood, degenerative aortic medial 
disease is likely to be the underlying disorder. 
Whether this is congenital and part of a syn- 
drome” or a secondary effect caused by altered 
haemodynamic function affecting the ven- 
triculoaortic junction remains to be establi- 
shed. In our study there was dilatation of the 
aortic root in 32% of the cases. The relative risk 
of aortic ‘valve insufficiency was significantly 
higher when a congenitally bicuspid valve was 


Table 3 Valve morphology and the state of the aortic root in relation to the occurrence 
of pure aortic regurgitation (total number of each type of valve ts shown tn parentheses} 


MEF pa _ _ Bicuspid/raphe/ 
Aortic root Bicuspid Bicuspid/rapke indentation Total 
Normal 0 oy 0 (37) 5 o 5 (101) 
Abnormal 1(13) ` 2014) 6 (20 9 (47) 
Total 1 4) 261) 11 (63) 14 (148) 


Table 4 Relative risk of pure valve regurgitation 





Relative risk 
No (95% confidence interval) 
Bicuspid/raphe/ 63 4-95 (1:6 to 16) 
indentation 


Abnormal sortic root 46 3-99 (1-5 to 11) 





associated with aortic root dilatation (tables 2 
and 4). Our results suggest that individuals 
with an abnormally wide aortic root and a 
bicuspid valve showing an indentation are 
more liable to develop pure valve regurgitation 
(30% of that subgroup). The numbers, how- 
ever, are too small to regard these findings as 
more than highly suggestive. 

The mean age at which valve replacement 1s 
performed in patients with a congenitally 
bicuspid aortic valve is significantly lower in 
those with pure valve regurgitation. In this 
study we identified aortic valves with an inden- 
tation of the conjoined cusp as an important 
cause of valve regurgitation—the clinical 
importance of this morphological type of valve 
is evident. 
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Can mitral regurgitation after balloon dilatation of 
the mitral valve be predicted? 


Mohan Nair, Rajeev Agarwala, G S Kalra, R Arora, M Khalilullah 


Abstract 

Objective—To determine which fac- 
tors predict the occurrence of mitral 
regurgitation after balloon dilatation of 
the mitral valve for rheumatic stenosis. 

Design—Analysis of a case series of 
patients with rheumatic mitral valve 
stenosis who had had successful balloon 
dilatation of the mitral valve. 

Setting—A tertiary care centre with 
an experience of over 150 balloon dilata- 
tions of the mitral valve. 

Patients—70 young patients with non- 
calcified rheumatic mitral stenosis, who 
had undergone successful balloon dilata- 
tion of the mitral valve. No patient had 
mitral regurgitation or atrial fibrillation 
before dilatation. 

Intervention—Dilatation of the mitral 
valve by the transvenous, transatrial 
double balloon technique. 

Main outcome measure—Develop- 
ment of mitral regurgitation after 
balloon dilatation of the mitral valve and 
its relation to age, mitral valve area 
before dilatation and after dilatation, the 
degree of mitral subvalvar pathology, 
and the size of balloon used for 
dilatation. 

Results In 10 patients (14%) mitral 
regurgitation developed after balloon 
dilatation of the mitral valve. No statis- 
tically significant differences were found 
between patients who did not develop 
regurgitation and those who did in terms 
of age (mean (SD)) (19:9 (6°46) v 19-4 
(5°5)), mitral valve area before dilatation 
(1:05 (0:33) v 0-94 (0-4) cm’) and after 
dilatation (2:52 (1:06) v 2:45 (1:1) cm’), 
mitral subvalvar pathology assessed by 
the mitral subvalvar distance ratio (0:116 
(0:03) v 0-118 (2°32), or balloon diameter 
corrected for body surface area (21:37 
(3°5) o 20-57 (2-32) mm/m’. 

Conclusions—In this subset of children 
and young adults with non-calcified 
mitral stenosis, none of the morpho- 
logical, technical, or patient characteris- 
tics studied predicted the development 
of mitral regurgitation after balloon 
dilatation. The low incidence of mitral 
regurgitation may have reduced the 
discriminatory power of this study. 
None the less, the means and standard 
deviation for each factor in each group 
suggest that even in a larger sample size 
the variables would have little predictive 
capacity. 


Balloon dilatation of the mitral valve has 
emerged as an effective non-surgical technique 
for the treatment of rheumatic mitral 
stenosis. Mitral regurgitation after balloon 
dilatation is reported to occur in about 
20-53% of patients.“ Though it is mild in 
most, this procedure-induced regurgitation 
has led to concern about the safety of 
dilatation. We reviewed a series of 70 patients 
who had balloon dilatation of the mitral valve 
at our hospital to determine whether certain 
important technical factors or features of valve 
morphology predicted the development of 
mitral regurgitation after balloon dilatation. 


Patients and methods 

We reviewed data on 70 patients with pure 
rheumatic mitral stenosis (25 male and 45 
female, aged 10-30 (mean (SD) 19-2 (6-4) 
years) who had balloon dilatation of the mitral 
valve. All patients underwent percutaneous 
balloon dilatation of the mitral valve by the 
anterograde, trans-septal route by the double 
balloon technique described earlier.* Mitral 
regurgitation was assessed before and after the 
procedure by left ventricular cineangiogram in 
30° right anterior oblique view. The degree of 
mitral regurgitation was graded as 1+ to4+ by 
the method described by Grossman.’ The 
following factors were analysed retrospectively 
to examine their relation to mitral regurgitation 
induced by the procedure: (a) age, (b) severity 
of mitral stenosis before balloon dilatation, 
(c) mitral valve area achieved after dilatation, 
(d) effective balloon diameter/m? of body 
surface area, and (e) degree of mitral subvalvar 
pathology. Mitral subvalvar pathology was 
assessed on the left ventricular cineangiogram 
and expressed as the mitral subvalvar distance 
ratio (the ratio of the distance from the mitral 
valve to the tip of the papillary muscle in end 
diastole to the distance from the aortic valve to 
the left ventricular apex in end diastole® (figure). 


STATISTICAL ANALYSIS 

The distribution of the various factors studied 
in patients in whom mitral regurgitation 
developed after balloon dilatation of the mitral 
valve and in patients in whom it did not were 
compared by Students 7’ test. A p value of 
<0-05 was regarded as statistically significant. 


Results 

All patients were in sinus rhythm and had 
moderate to severe mitral stenosis (valve area 
0:5—1-5 cm?, mean (SD) 0-96 (0-35) cm?) before 
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Aortic valve to 
left ventricular apex in diastole 
(AV—LVA) 


Mitral subvalvar distance ratio 


(MSDR) 


ie 


Mitral valve to 
papillary muscle tip in systole 
(MV—PM) 


_ (MV—PM) 
(AV-LVA) 


Method for determining the mitral subvalvar distance ratio. 


Characteristics (mean (SD) ) of patients with and 
without mitral regurgitation (MR) after balloon 
dilatation 


No MR MR 
Variable (n = 60) (n = 10) 
Age 19-9 (6:46) 19-4 (5-5) 
MVA before (cm?) 1-05 Ge 0-94 ae 
MVA after (cm°) 2-52 (1-06 9-45 (1-1 
Distance ratio 0-116 (0-03) 0-118 (0-02) 
EDB/BSA (mm/m’) 21-37 (3-5) 20:75 (2°32) 


MVA, mitral valve area; EBD, effective balloon diameter; BSA, 
body surface area. 


dilatation. After dilatation the mitral valve area 
increased significantly (p < 0-001) to 1-44-08 
cm? (mean (SD) 2-3 (0-83) cm’). 


MITRAL REGURGITATION 

No patient had mitral regurgitation before 
balloon dilatation. After dilatation mitral 
regurgitation was seen in 10 (14%) patients. 
Mitral regurgitation was 1+ in eight patients 
and 2+ in two patients. Mitral regurgitation 
was well tolerated haemodynamically in all 10 
patients and no patient required mitral valve 
replacement for this complication. 


RELATION OF MITRAL REGURGITATION TO 
VARIOUS FACTORS 

A comparison of patients with procedure- 
induced mitral regurgitation (n = 10) and 
those without (n = 60) showed no statistically 
significant difference for any of the variables 
assessed (table). 


Discussion 

Mitral regurgitation caused by balloon dilata- 
tion is seen in about 20% of patients’ and is an 
important potential complication of the 
procedure. The patients in our study were 
much younger than those in other large series, 
and new mitral regurgitation in younger 
patients may be expected to be more harmful in 
the long term. This is why we thought it 
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important to determine the frequency of mitral 
regurgitation after balloon dilatation, so that 
we could change patient selection and/or the 
technique if necessary. 

We found new regurgitation in 14% of our 
patients. This incidence is slightly lower than 
that reported by Abascal et al’ and Nobuyoshi 
et al; the difference may be explained by the 
different age group studied and the absence of 
calcified mitral stenosis in our study. As in 
the other studies, most instances of mitral 
regurgitation after balloon dilatation were 
mild. Not one had 3+ or 4+ mitral regurgita- 
tion. Wedidnot find any significant difference in 
the age, severity of mitral stenosis before 
dilatation, mitral valve area achieved, balloon 
size used, or the extent of mitral subvalvar 
pathology between patients in whom mitral 
regurgitation developed and those in whom it 
did not. Abascal et al also found no association 
between the production or worsening of regur- 
gitation and valve and’subvalvar morphology, 
balloon size, age, sex, initial mitral valve area 
or increase in mitral valve area or both. 
Nobuyoshi et al, however, reported that mitral 
regurgitation was less frequent and less severe 
in patients with a pliable valve, while in 
patients with semipliable or rigid valves the 
incidence and severity of clinically important 
mitral regurgitation increased. Most of our 
patients had moderate degree of subvalvar 
pathology — and, therefore, the mitral valve 
morphology may have been significantly 
different from that in the study by Nobuyoshi et 
al, Vahanian et al also reported that severe (but 
not mild or moderate) mitral regurgitation after 
balloon dilatation correlated with anatomical 
features such as calcified valves and extensive 
subvalvar disease.” None of our patients 
had calcified mitral stenosis nor did balloon 
dilatation cause any cases of severe mitral 
regurgitation. 

We did not identify any statistically sig- 
nificant differences between the means of the 
measured technical or morphological variables 
in patients with mitral regurgitation after 
balloon dilatation and those without. Because 
only 10 patients developed mitral regurgitation 
the power of these tests was low. However, the 
means (SD) in the table suggest that even if a 
significant difference was found for any of the 
variables in a larger sample there would still be 
substantial overlap between the two distribu- 
tions and hence the variable would have little 
predictive capacity. 
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Histological changes in the aortic valve after 
balloon dilatation: evidence for a delayed healing 


process 


Marcel van den Brand, Catharina E Essed, Carlo Di Mario, Sylvain Plante, Bas Mochtar, 
Pim J de Feyter, Harry Suryapranata, Patrick W Serruys 


Abstract 

Objective—To investigate whether 
balloon dilatation of the aortic valve 
induces long-term macroscopic or his- 
tological changes or both to explain the 
restenosis process. 

Design—Prospective study of 39 con- 
secutive patients. Sixteen later (mean 
(SD) 12 (10) months) required operation. 
This non-randomised subgroup was 
compared with 10 patients who had 
aortic valve replacement without prior 
dilatation. 

Setting—University cardiology and 
cardiac surgery centre and pathology 
department. 

Patients—16 patients who had aortic 
valve replacement because of failure of 
or restenosis after balloon dilatation of 
the aortic valve. Twelve resected valves 
were examined. 

Interventioons—Percutaneous balloon 
dilatation of the aortic valve (maximal 
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and the Laboratory balloon size: trefoil 3 x 12 mm balloon or 
= ath Health, bifoil 2x19 mm balloon) and surgical 
M can den Brand inspection before excision of the aortic 
C E Essed valve leaflets during open-chest aortic 
C Di Mario valve replacement. Fixation, decalcifica- 
N tion, and staining for histology. 
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H Suryapranata long-term pathological changes in the 
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Table 1 Characteristics (mean (SD)) of all patients undergoing balloon dilatation of 





the aortic valve (BD) and of patients with without subsequent aortic valve 
replacement (AVR) 
Characteristic BD AVR non AVR 
Number 39 16 
M/F 15/24 6/10 7/12 
Mean age (y) (range) 75-1, (58-88) 721 (63-85) 771-3 (58-88) 
ventricular ¢j fraction: 
20-55 22 10 12 
0:40-0:14 6 2 4 
0:20-0:39 5 ] 2 
q0-19 4 I 1 
Not-asseased 2 0 
Aortic valve area before dilatation 
(cm 0-47 (0-14) 0-51 (0-11) 0-45 (0-15) 
Aortic valve area after dilatation 
cm 0-75 Gaa 0-75 30-05 0-74 ear 
Aortic valve area increase (%) 63-0 (38-0 52:0 (32-0 64-0 (33-0 
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were not seen in a control group of sur- 
gically excised stenotic aortic valves. 
This persistent scarring reaction was 
seen around small tears or lacerations of 
the collagenous valve stroma, fractures 
in calcified areas, and splits in commis- 
sures. Young scar tissue without col- 
lagenisation was still present 24 months 
after dilatation. 

Conclusion—Organisation and colla- 
genisation of scar tissue develops slowly 
after balloon dilatation of the aortic 
valve. This prolonged scarring reaction 
may explain the late development of res- 
tenosis in some patients. 


Balloon dilatation of the aortic valve has been 
advocated by several groups as an alternative 
to aortic valve replacement in patients at high 
surgical risk or as an intermediate procedure 
to improve left ventricular function before 
elective aortic valve replacement. ™* 
Recurrence rates, whether clinically defined or 
assessed invasively or non-invasively, are high 
(24-67%).** This high restenosis raté leads to 
many subsequent procedures. Two recently 
published series reported reinterventions in 
about a quarter of the patients after a mean 
follow up of six months. A further quarter did 
not survive this follow up period.*’ The 
immediate effect of balloon dilatation on cal- 
cific aortic valves has been extensively studied 
during in vitro and intraoperative studies.!°"! 
Little is known about the effects of balloon 
dilatation at a microscopic level or the 
sequence of any histological changes with 
time.’ ?® To examine the frequency and 
extent of these changes after dilatation we 
studied 12 previously dilated aortic valves 
excised during valve replacement and com- 
pared the histological findings with those in 
resected non-dilated aortic valves from 
patients of a similar age. 


Patients and methods 

From March 1986 to December 1989, 39 
elderly patients underwent percutaneous 
balloon dilatation of the aortic valve. Sixteen 
of these patients later underwent aortic valve 
replacement. Table 1 shows the characteris- 
tics of all patients undergoing aortic valve 
dilatation and of the group who subsequently 
had aortic valve replacement. 
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Table2 Clinical characteristics and outcome of balloon dilatation of the aortic valve in 16 patients who subsequently 


had aortic valve replacement 





Maximal AVA (cm?) Interval between 

N balloon % AVA dilatation and 

o Age Sex sire (mm) B A increase operation (mnih) 
a ee TT 

i 63 M 20 0-59 0-81 37 13 

2 76 M 20 0:53 0-88 66 6 

3 74 F 3x12 0-34 0-36 6 10 

4 65 F 3x12 0 49 0-57 16 I 

5 75 M 0-71 0-96 35 7 

J 2 3x12 0:37 0:64 73 9 

19 0:66 Al e lll 

8 74 F 3x12 0-46 ao 52 Vai 

9 85 F 2x19 0-57 0:71 30 3 
10 73 M 3x12 0-59 NA 13 
11 64 F 0-33 0-80 142 36 
12 75 M 0-57 0-95 67 24 
13 75 F 3x12 0-39 0-71 82 27 
14 72 F 15 0:62 0-85 37 20 
15 71 F 23 O-4] 0:71 73 6 
16 TI F 3x12 0-53 0°78 47 13 





A, after; AI, aortic insufficiency; AVA, aortic valve area; B, before dilatation; NA, not assessed. 


DILATATION PROCEDURE 

All procedures were performed with a per- 
cutaneous femoral approach with Schneider- 
Shiley balloons and introducers (Zurich, 
Switzerland). After baseline values were 
recorded the aortic valve area was calculated 
on line by measuring the mean transvalvar 
pressure gradient and aortic valve flow. 
Balloons of increasing size were then intro- 
duced to increase the aortic valve area by at 
least 50% (the maximal balloon diameter in 
the first 29 patients was trefoil 3x 12mm 
balloon and in the last 10 patients it was bifoil 
2x 19mm balloon). In the last 22 patients a 
100 cm long 16:5 French introducer was 
used. A successful 
arbitrarily defined as an increase in aortic valve 
area of at least 25%, without death or major 
complications necessitating urgent surgery. 
Table 1 summarises the haemodynamic data 
before and after valve dilatation. In five 
patients the valve area could not be calculated 
after the procedure (two patients died after 
the first balloon inflation, two patients had 
considerable aortic regurgitation after dilata- 
tion that precluded calculation of the aortic 
valve area, while in a fifth patient data were 
not recorded because of neurological com- 
plications). Restenosis was defined as a clinical 
recurrence of symptoms with either a return 
of maximal aortic valve flow velocity to pre- 
dilatation values on Doppler flow measure- 
ments or an invasively measured increase in 
aortic valve area of <25%. 


procedure was - 


MORTALITY AND PROCEDURAL FAILURE 

Four patients died within 28 days after 
balloon dilatation. Two patients in severe 
heart failure died during the procedure after 
the first balloon inflation. In a third patient, 
also with severe failure, the procedure was 
successful but he died one week later of 
progressive heart failure. The fourth patient 
had signs of aortic base dissection after infla- 
tion of a bifoil 2.x 19 mm balloon and died 24 
hours later. One patient was operated upon 
within one week, of the procedure because of 
severe artic: regurgitation (table 2, case 7). 
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Table 3. Peroperative findings and early postoperative 
coursé after.inadequate balloon dilatation and subsequent 





‘aortic valve replacement 
Tear; 
Valve Conemissural of 

No anatomy fusion Caletfications leaflets 

i B No 3+ No 

2 B No 3+ No 

3 B No 3+ No 

4 T No 3+ No 

5 B No 3+ No 

6 B No 2+ No 

7 B/T Yes/No 2+ Yes 

8 T Yes 3+ No 

9 T No 34 No 
10 B No 3+ No 
1] T No 3+ No 
12 T No 3+ No 
13 NA NA 3+ NA 
14 T No 3+ No 
15 T No 3+ No 
16 NA NA 3+ NA 





B, bicuspid aortic valve; +, tricuspid aortic valve; NA, not 
assessed. 


Table 4 Histological findings in 12 excised aortic valves operated after percutaneous balloon dilatation of the aortic valve 








3 weeks 
6 
9 

6 days 
9 
2 

13 

36 

24 
6 


Operative Collagenous Bone 
indication stroma Calcification formation 
R ++ ++ + 
F ++ aoe — 
F + + ++ — 
R +4 ++ + 
R + ott + 
Al + + i ee = 
R ++ no op + 
R ++ . ++ — 
R/F? ++ Er pp — 
R ++ tft b+ = 
R ++ ++ — 
R ++ - ++ — 


’ 


Al, aortic valve insufficiency; F, dilatation failure; R, restenosis. 


Pre-existing pathology 
Superficial 
fibrin Superficial Young scar tn 
deposits haemorrhages collagenous stroma 
++ ~ + 
- - ++ 
- + ++ 
- + ++ 
~ ~ +++ 
— a + + with sealed commissure 
+ + + 
= + + superficial 
pan afe oz 
+ + ++ 
— ~ ++ 


Histological changes after balloon dilatation of the aortic valve 


The procedure was considered to be unsuc- 
cessful in four patients because the valve area 
had increased by less than 25% after dilata- 
tion. Two of these patients subsequently had 
surgery (table 2, cases 3 and 4). One was 
operated upon within one month, the other 
experienced some relief of symptoms and was 
operated upon 10 months later. Of the other 
two with failed procedures, one died 19 
months after the procedure, while the last 
patient was in validity class II (New York 
Heart Association) six months after valve 
dilatation. Of the remaining 30 patients, 13 
had surgery because of clinical restenosis. 
Table 2 shows the haemodynamic and clinical 
details of the patients who had surgery. 


FOLLOW UP OF NON-SURGICAL PATIENTS 

Eight patients died during follow up. Death 
occurred at a mean (SD) of 15 (5) months 
after dilatation. Eleven patients were alive 
after a single dilatation procedure at a mean 
follow up of 23 (12) months. 


SURGICAL PROCEDURE 

All 14 patients operated upon in our hospital 
were treated according to the same standard 
surgical protocol. After incision of the aortic 
root we paid special attention to the macro- 
scopic inspection of the previously dilated 
valve. We specifically looked for laceration of 
the valve leaflets, fracture of calcific deposits, 
and rupture of previously fused commissures. 
The underlying valve anatomy was estab- 
lished as uni, bi or tri cuspid. The amount of 
calcification was scored as + to +++ 
indicating minimal, moderate, or extensive 
involvement. After inspection the valve leaflets 
from 12 patients were excised and stored for 
microscopic examination. 


HISTOLOGICAL TECHNIQUE 

The fragments resected from patients 2 to 12 
and 15 were fixed in 10% formalin and decal- 
cified in rapid bone decalcifier (RDO, Dupage 
Kinetic Laboratories Inc, Plainfield, USA). 
After a routine paraffin processing cycle 5 um 
sections were stained with haematoxylin-eosin 
and elastic van Gieson stain. 


Results 
MACROSCOPIC EXAMINATION 





Table 3 shows the gross intraoperative 
Pathology as result of valvuloplasty 
Young scar in Calctum fragments Tron loaden Haaemorrhages Fibrin deep 
ca nodule in scar macrophages deep in stroma in stroma 
- — + + 
— + +bistiocytic am = aia 
infiltrate 
— ++ ~ + + 
_ ++ + = ~ 
++ + — + — 
+4 ++ -~ _ -= 
++ ++ + = + 
+ — — — + 
+ superficial + as gg m 
+ ++ ~ a ~ 
+ ++ — — ~ 
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anatomical findings in the 16 surgical patients. 
The aortic valve was bicuspid in six patients 
and tricuspid in seven patients. In one patient 
we were uncertain how many cusps were 
present. In two patients who had surgery in 
another hospital and one patient who under- 
went surgical valvuloplasty the aortic valve was 
not available for analysis (cases 13, 16 and 14). 
Macroscopic findings attributable to the 
previous valve dilatation were seen in only one 
patient (case 7, table 3). In this patient the valve 
was composed of a posteriorly situated thick- 
ened and heavily calcified cusp and of a less 
calcified anterior cusp (probably a fusion of the 
left and right coronary cusps). Balloon dilata- 
tion had lacerated (7 mm) the right side of the 
anterior cusp from the aortic wall. Because the 
posterior cusp was rigid, the radial balloon 
force was probably exerted more strongly on 
the more pliable cusp. Fracturing of calcific 
deposits was not grossly evident in any cases. 


MICROSCOPIC EXAMINATION 

Dilated valves 

All the valves (table 4) showed the usual 
histological features of calcific aortic stenosis.*® 
In two patients there was degenerative bone 
formation in the calcifications. In 11 of the 12 
patients young scar tissue (consisting of a 
rather cell-rich pattern of fibroblasts, capil- 
laries, and an inflammatory infiltrate composed 
of lymphocytes, plasma cells, and histiocytes) 
was present. This scar tissue seemed to fill up 
the small tears and lacerations in the dense 
collagenous tissue stroma (11 patients) (fig 1A) 
and the fractures in the calcified nodules (seven 
patients) (fig 1B). Fragments of calcium embed- 
ded in the young scar tissue were seen in 10 
patients (fig 1C). In one patient a commissure 
was re-sealed with recent scar tissue. Haemor- 
rhages and fibrin within the valve stroma were 
seen in six patients, while superficial fibrin 
deposits and haemorrhages were seen in all 
patients. Only one patient showed the basic 
pathology of calcified aortic stenosis without 
recent scar tissue. However, this patient was 
operated upon 36 months after dilatation and 
by that time the scar tissue may have been 
completely organised. There was no clear dif- 
ference in histological appearance between the 
successfully and the two non-successfully 
dilated patients, though one of the non- 
successfully dilated patients (case 3) showed an 
extensive histiocytic reaction around severely 
fragmented calcifications as well as young scar 
tissue in the collagenous valve stroma. The 
second patient (case 4) only showed scar tissue 
between fragmented calcifications. 


Control valves 

We examined a control group of 10 patients 
undergoing aortic valve replacement because of 
critical calcific aortic stenosis which was of 
similar age and sex distribution and gross 
macroscopic changes as the dilated group. 
Macroscopically the valves were indistin- 
guishable from those of the dilated group. 
Histological examination showed superficial 
fibrin deposits, small haemorrhages, and iron- 
loaden macrophages in the subendothelium of 
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aae valves from the control group. Although lym- 
e phocytes, plasma cells, and capillaries were 
present in the looser connective tissue stroma 
surrounding the dense collagenous stroma in 
some patients, none of the control valves 
showed the areas of young scar tissue seen in 
the patients treated with balloon dilatation. 


Discussion 

Whatever the initial mechanism, the under- 
lying pathology of calcific aortic stenosis in the 
elderly is severe fibrosis and considerable cal- 
cifications of the valve leafiets occasionally 
Bag N ped ae B E e RE | . ee >a associated with commissural fusion. These 
5 pa Ce eer A SE, wnt Sa a? Hy oe Te Se Ra pathological changes render the valve rigid and 
Fe Se SOTO SSeS: Aged immobile.” 

Sa aren aa: Ri As evident from our study and other pub- 
lished reports'** the mechanisms of success- 
ful percutaneous balloon dilatation of the aortic 
valve are (a) cleavage or laceration of the dense 
collagenous valve stroma, (b) fracture and/or 
fragmentation of calcifications, and (c) separa- 
tion of fused commissures. 

It seems that the final outcome of balloon 
dilatation mainly depends on the severity of the 
underlying pathological abnormalities in the 
valve and the extent of the injury created by the 
balloon. In the two patients who had insuf- 
ficient dilatation procedures with an increase of 
the aortic valve area of less than 25% we did 
indeed see some injury to the valve leaflets, 
but apparently it was not extensive enough. 
Commeau et al reported a similar finding in an 
intraoperative study.’ They noticed that when 
the valve was extensively calcified there was no 
grossly obvious effect of dilatation. None the 
less, in one of our patients severe damage to the 
valve (a complete tear of a valve leaflet from the 
aortic wall) caused severe aortic regurgitation. 

Injury to the aortic valve seems to be fol- 
lowed by scarring. We and others found that 
small tears or lacerations in the collagenous 
valve stroma, fractures in calcifications, and 
splits between commissures were filled up with 
young scar tissue.’?’” Scar formation should be 
recognised as a possible mechanism for resten- 
osis. ? Indeed, development, organisation, 
and collagenisation of the young scar tissue in 
the tears and fractures in the valve will ult- 
mately restore the valve’s immobility and lead 
to restenosis. In addition, it seems from our 
study that organisation and collagenisation of 
the scar tissue in these valves takes longer than 
in other tissues. We saw non-collagenous scar 
tissue in the valves 24 months after dilatation: 
normally a scar is completely organised and 
collagenised within six weeks. The lack of a 
direct vascular supply to the valve leaflets may 
explain this prolonged process of repair, which 
resembles the slowly progressive inflammatory 
reaction of the chronic endocarditis of 
AGENV EE Ps Fas aeS ;. rheumatic origin. This observation shows that 
4 BS oY Sas Re TROT et = ` „+4 restenosis can develop slowly so that some 
©. Sea wy Chas AEN. ASIN a: ce SINR ET patients will have a relatively long-lasting com- 

=a aa PY CO OB A ate BT plaint-free period. As a consequence, we think 
that on the basis of strict indications percutan- 
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Figure Histological appearance of a segment of aortic valve leaflet after balloon _ eous balloon dilatation of the aortic valve still 
di anon. (4) Small laceration in the dense collagenous tissue stroma (*), filled with has a lace in relievin aortic stenosis in elderl 
sear tissue (S). (B) Scar tissue (S) filling a fractured calcified nodule (C). P 8 y 


(C) Calcium fragments embedded in young scar tissue. patients with inoperable severe aortic stenosis. 


Histological changes after balloon dilatation of the aortic valve 


C Di M is the recipient of the Research Fellowship 1991 of the 
European Society of Cardiology and S P is the recipient of the 
grant # 880268 the Quebec Health Research Foundation 
(FRSQ) Montreal, Quebec, Canada. 


1 Cribier A, Savin T, Berland J, Saoudi N, Rocha P, Letac B. 
Percutaneous transluminal valvuloplasty of acquired 
aortic stenosis in elderly patients: an alternative to valve 

lacement? Lancet 198631:63-7. 

2 Mckay RG, Safian RD, Lock JE, Diver DJ, Berman AD, 
Warren a Come PC, Baim DS, Mandell VE, Royal HD, 
Grossman W. Assessment of left ventricular and sortic 
valve function after aortic balloon valvuloplasty i in en 
patients with critical aortic stenosis. Circulation 1 
75:192-203. 

3 Isner JM, Salem DN, Desnoyers MR, Hougen TJ, MacKey 
WC, Pandisn NG, Eichhorn HJ, Konstam MA, Levine 
HJ. Treatment of calcific aortic stenosis by balloon valvu- 
loplasty. Am J Cardiol 1987;59:313-7. 

4 Di Marlo C, Beatt KJ, de Feyter PJ, van den Brand M, Essed 
CE, Serruys PW. Percutaneous aortic balloon dilatation 
for calcific aortic stenosis in elderly patients: immediate 
haemod c assessment and short term follow up. Br 
Heart J 1987;58:644—52. 

5 Safian RD, Berman AD, Diver DJ, McKay LL, Come PC, 
Riley MF, Warren SE, Cunningham MJ, Wyman RM, 
Weinstein JS, Grossman W, McKay RG. Balloon aortic 
valvuloplasty in 170 consecutive patients. N Engl J Med 
1988;319:125-30. 

6 Davidson CJ, Harrison JK, Pi KS, Harding M, 
Hermiller JB, Kisslo K, Pierce C, Bashore TM. Deter- 
minants of one-year outcome from balloon aortic valvu- 
loplasty. Am J Cardiol 1991;68:75-80. 

7 Nishimura RA, Holmes DR, Reeder GS, Orazulak TA, 
Breshnahan JF, Ilstrup DM, Tajsk AJ. Doppler evalua- 
tion of results of percutaneous aortic balloon valvuloplasty 
in calcific stenosis. Circulation 1988;78:791—9. 

8 Geible A, Kasper W, Reifart N, Faber T, Just H. Clinical 


449 


and Doppler echocardiographic follow-up after percuts- 

neous valvuloplasty for aortic valve stitial Am J Cardiol 
1991;67:616-21. 

9 Commegu P, Grollier G, Lamy E, Foucault JE, Durand C, 

ci G, Maiza D, Khayat A, Potier JC. Percuteneous 

balloon dilatation of calcific aortic valve stenosis: 

anatomical and haemodynamic evaluation. Br Heart J 
1988359:227-~38. 

10 Safian RD, Mandell VS, Thurer RE, Hutchins GM, Schnitt 
SI, Grossman W, McKay RG. Postmortem and intra- 
operative balloon valvuloplasty in calcific aortic stenosis in 
eiderly patients: mechanisms of successful dilatation. 
J Am Coll Cardiol 1987;9:655-O. 

11 Di Mario C, Van Veen LCP, De Baat L, Essed CE, Beatt KJ, 
Leborgne O, Serruys PW. oe uted tomography during 
experimental balloon dilatetion for calcific aortic stenosis. 
A look into the mechanism of vaivuloplasty. J Interv 
Cardiol 1988;1:95—107. 

12 Berdoff RL, Strain J, Crandall C, Ghali V, Goldman B. 
Pathology of aortic valvuloplasty: findings after post 
mortem successful and failed dilatations. Am Heart J 
19895117:688-~-90, 

13 Serruys PW, Di Mario C, Essed CE, Late valve restenosis 
after successful aortic valvuloplasty. A case report. Int J 
Cardiol 1987;17:210-3. 

14 Plante S, Beatt KJ, van den Brand M, Di Mario C, Meier B, 
Serruys PW. Assesament of the “long sheath” technique 
for percutaneous aortic balloon valvuloplasty. Cather 
Cardiovase Diagn 1990;19:129-35. 

15 ai tioldr ek Luijten HE, Beatt KJ, Di Mario C, de Feyter P, 

Essed CE, Roelandt J, van den Brand M. Percutaneous 
balloon valvuloplasty for calcific aortic stenosis. A treat- 
ment “sine cure?” Eur Heart J 1988;9:782-94. 

16 Silver MD. Obstruction to blood flow related to the aortic 
valve. In: Silver MD, ed Cardi logy. 
London: Churchill Livingstone, 1983:599-619. 

17 Farb A, Moses JW, Wallerzon DC, Gold JP, Subramanian 
VA. Valve injury and in balloon aortuc valvulo- 
plasty. Cath Cardiovasc Diagn 1989;18:90-5. 


Wythenshawe 
Hospital, Manchester 
SCD Grant 


DrS 


Department of Cardiology, ` 


Wythenshawe Hospital, 
Manchester M23 9LT 
Accepted for publication 
10 February 1992 


Br Heart J 1992;67:450-3 


Failure of balloon dilatation of the pulmonary 
valve in carcinoid pulmonary stenosis 


S CD Grant, J H Scarffe, R D Levy, N H Brooks 


Abstract 
Background—Carcinoid heart disease 
typically results in pulmonary stenosis 
and tricuspid incompetence. Percuta- 
neous balloon dilatation is an effective 
treatment for congenital pulmonary 
stenosis and has been applied successfully 
to tricuspid stenosis caused by carcinoid 
heart disease. The value of balloon dilata- 
tion of the pulmonary valve in carcinoid 
pulmonary stenosis was assessed. 
Methods—Two patients with severe 
congestive heart failure secondary to car- 
cinoid heart disease and with documented 
pulmonary stenosis had balloon dilata- 
tion of the pulmonary valve. In both cases 
tricuspid regurgitation was also present 
together with reduced cardiac output. 
Results—The procedure was tech- 
nically successful in both patients. One 
patient experienced symptomatic benefit 
for two months and the other experienced 
no improvement. Both patients subse- 
quently required combined tricuspid and 
pulmonary valve replacement from 
which good results and symptomatic 
improvement were obtained. 
Concluston—-Though balloon dilatation 
of the pulmonary valve is technically 
feasible it is unlikely to provide useful 
palliation in carcinoid heart disease. 
Valve surgery should be considered in 
patients in whom the malignancy is 
controlled but carcinoid heart disease 
is producing drug resistant congestive 
heart failure. 


Pulmonary and tricuspid valve disease caused 
by the carcinoid syndrome is a rare cause of 
congestive heart failure. The usual pattern, of 
predominantly pulmonary stenosis and tricus- 
pid incompetence, results in a considerable 
reduction in cardiac output. We describe two 
patients with carcinoid heart disease who were 
treated with balloon dilatation of the pulmon- 
ary valve. 


A 51 year old man was referred with a four 
month history of severe exertional dyspnoea 
(New York Heart Association grade III) and 
ankle swelling which had been resistant to 
diuretic therapy (frusemide 80 mg daily and 
amiloride 10 mg daily). He had presented four 
years earlier with diarrhoea, flushing, and pal- 
pitation and had been diagnosed as having 
metastatic carcinoid disease. He had undergone 


hepatic artery ligation and was receiving sub- 
cutaneous « interferon three times a week. 

Examination showed a raised jugular venous 
pressure with a prominent V wave, parasternal 
lift, ejection murmur in the pulmonary area 
with a single second sound, ankle oedema, 
pulsatile hepatomegaly, and ascites. Echo and 
Doppler cardiography showed severe dilata- 
tion of the right side of the heart with tricuspid 
incompetence and pulmonary stenosis. The 
instantaneous pulmonary gradient estimated 
from the Doppler examination was 16 mm Hg. 

Cardiac catheterisation showed a stenotic 
pulmonary valve with a simultaneous peak to 
peak right ventricular to pulmonary artery 
gradient of 20 mm Hg, tricuspid incompetence, 
and a reduced cardiac output as reflected by a 
pulmonary artery oxygen saturation of 60% 
(giving a cardiac output of 3-1 l/min calculated 
by the Fick formula, using assumed oxygen 
uptake of 117 ml/min™m™). There was minimal 
tricuspid stenosis with a gradient (of 2 mm Hg) 
only during the “a” wave. 

Percutaneous balloon dilatation of the pul- 
monary valve was performed. The valve was 
easily dilated with two inflations of a 19 mm 
balloon. No deformity of the balloon was seen 
during inflation. The gradient was abolished 
but right ventricular angiography showed per- 
sistent thickening and deformity in the region 
of the valve and there was no change in the 
pulmonary artery oxygen saturation, suggest- 
ing that no immediate improvement in cardiac 
output had occurred. 

The patient experienced no benefit from the 
procedure and was subsequently referred for 
surgery without further haemodynamic assess- 
ment. At operation the pulmonary valve was 
found to be stenosed with fibrosed rolled back 
cusps and the tricuspid valve was stenosed and 
incompetent with fibrotic leaflets and short- 
ened chordae adherent to the ventricular walls. 
Pulmonary and tricuspid valve replacement 
was performed without incident and with 
resolution of the congestive cardiac failure. 
The patient’s treatment was subsequently 
changed to octreotide (a somatostatin 
analogue) and he was well at the time of his last 
assessment 18 months later. 


CASE 2 

A 46 year old man was referred with a six 
month history of severe exertional dyspnoea. 
He had presented three years previously with 
abdominal pain and had been diagnosed as 
suffering from carcinoid syndrome with 
hepatic metastases. He had been treated 
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initially with « interferon and subsequently 
with octreotide. 

On examination he had a raised jugular 
venous pressure with a prominent V wave, soft 
pulmonary component of the second heart 
sound, and ejection murmur in the pulmonary 
area with a quiet early diastolic murmur at the 
left sternal edge. Abdominal examination 
showed tender hepatomegaly. 

Echocardiography showed tricuspid incom- 
petence and pulmonary stenosis with incom- 
petence and mild aortic incompetence. Cardiac 
catheterisation showed a simultaneous peak to 
peak gradient of 40 mm Hg across the right 
ventricular outflow tract. There was mild 
tricuspid stenosis (reflected by an “ʻa” wave 
gradient of 5 mm Hg), gross tricuspid in- 
competence on right ventricular angiography, 
and a cardiac output of 3-2 l/min, calculated by 
the Fick formula with an assumed oxygen 
consumption of 118 ml/min™“m”). 

Percutaneous dilatation of the pulmonary 
valve was undertaken with a 20 mm balloon 
followed by a 23 mm balloon. As in case 1 no 
nipping of the balloon was observed during 
inflation. The gradient across the valve was 
reduced to 15 mm Hg though the angiogram 
showed persistent thickening and there was no 
improvement in the pulmonary artery oxygen 
saturation. The procedure produced imme- 
. diate symptomatic improvement and the clini- 
cal signs of tricuspid regurgitation dis- 
appeared. 

Unfortunately the improvement was main- 
tained for only two months, when he relapsed. 
Repeat catheterisation showed recurrence of 
the pulmonary gradient with a withdrawal 
gradient of 38 mm Hg and right ventricular 
pressure of 55/5 mm Hg. In view of these 
findings and the clinical deterioration he was 
referred for surgery. At operation the pulmon- 
ary valve cusps were heavily thickened and 
rolled up against the valve ring. The tricuspid 
valve was grossly disorganised with the pos- 
terior cusp heavily thickened and rolled back- 
wards. The tricuspid and pulmonary valves 
were replaced and he was comparatively well 14 
months later. 


Discussion 

CARCINOID SYNDROME 

The carcinoid syndrome is produced by the 
metabolic products, as yet incompletely iden- 
tified, of a slowly progressive malignancy 
usually originating in the small bowel (alth- 
ough occasionally from other sites such as 
ovary or lung). The syndrome is produced only 
when the tumour has metastasised to liver, 
presumably because before this the metabolites 
are produced in small quantities and are detox- 
ified by the liver. Lesions of the heart valves are 
reported to occur in about 20% of cases clin- 
ically,’ but if echocardiography is used they are 
detected in up to 70%.”? There is conflicting 
evidence about the overall importance of car- 
diac disease as a cause of death in the carcinoid 
syndrome: Moertel stated that only 10% of 
patients with the carcinoid syndrome 
developed cardiac symptoms and of these half 
died a cardiac death (about 5% of patients with 
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the syndrome),’ Thorson et al reported that 
50% of patients have cardiac failure causing 
death in 30% of patients,* Lundin et al that 
“right ventricular failure is one of the major 
causes of death in patients with the carcinoid 
syndrome resulting from midgut tumours,’” 
and Ross and Roberts that “‘carcinoid heart 
disease frequently is the cause of death in 
patients with the carcinoid syndrome”’.° The 
explanation for this divergence of opinion is not 
clear, though there may have been differences 
in the patient populations and, as discussed 
below, with improved control of the malig- 
nancy heart failure may have become an in- 
creasingly common problem. 

The disease typically affects the right side of 
the heart: plaques are occasionally found in the 
left heart but they are rarely of haemodynamic 


significance. 


PATHOLOGY 
The anatomical consequences of involvement 
of the tricuspid and pulmonary valves are 
narrowing of the valve orifices together with 
tethering and immobility of the leaflets. Possi- 
bly because the two valves are of different sizes 
this produces principally incompetence with a 
much lesser degree of stenosis in the tricuspid 
valve and principally stenosis with a minor 
degree of incompetence in the pulmonary 
valve.°’ The combination of outflow tract ob- 
struction with atrioventricular valvar incom- 
petence is liable to have a profound effect on 
cardiac output with the pulmonary stenosis 
exacerbating the tricuspid regurgitation. 
Pathological studies have looked at the dis- 
tribution and nature of the plaques and there 
has been speculation about the pathogenesis.*” 
In a necropsy study of 21 cases the plaques 
were found to affect the valve structures and 
also the endocardial surfaces of the right atrium 
and the right ventricle, though right ven- 
tricular plaques were smaller (both in thickness 
and area). Plaques were also sometimes seen in 
the great veins and coronary sinus. Histology 
showed that the atrial and ventricular surfaces 
of the anterior leaflet of the tricuspid valve were 
involved in the fibrotic process, but only the 
ventricular surface of the posterior and septal 
leaflets of the tricuspid valve and the pulmo- 
nary arterial surface of the pulmonary valve. 
Ultrastructural studies of the carcinoid 
plaques have proved interesting. ° It was 
initially thought that the plaques were of 
collagen and fibrin but it has been shown by 
light and electron microscopical studies that 
they are composed of smooth muscle cells 
(thought to be derived from primitive mes- 
enchymal cells present normally in the sub- 
endocardial layer) in a stroma of acid 
mucopolysaccharide, collagen, and micro- 
fibrils. No elastic fibres are present.’ The 
lesions are often predominantly superficial and 
well circumscribed and they were described in 
the earlier work? as being entirely limited to the 
endocardium and subendocardial layer. How- 
ever, the more recent study" suggested a more 
infiltrative nature and showed lesions extend- 
ing into the myocardium. 
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AETIOLOGY OF PLAQUES 

The aetiology of the plaques is unknown. The 
clinical features of the carcinoid syndrome 
(flushing, diarrhoea, and bronchospasm), are 
thought to be produced by the effects of the 
circulating vasoactive products of the malig- 
nancy, including serotonin and its metabolites, 
tachykinins (neuropeptide K and substance P), 
prostaglandins, kallikrein and bradykinin.’ ” 
There are, however, probably numerous other 
unidentified compounds at work. It has been 
postulated that the plaques are a result of the 
action of these substances on the endocardium 
and that a resulting increase in endothelial 
permeability allows migration of primitive 
mesenchymal cells which then differentiate 
into the smooth muscle cells seen in the carcin- 
oid lesions. It has been further speculated that 
this process of endothelial injury is exacerbated 
by hydrodynamic factors such as turbulence, 
which might explain the localisation of 
plaques.’ 

Several studies have attempted to correlate 
factors such as length of symptoms and concen- 
trations of circulating substances with the 
presence of heart disease in the carcinoid 
syndrome. Most have found that the presence 
of carcinoid heart disease is not associated with 
a longer duration of symptoms‘ ” but that it is 
associated with raised concentrations of cir- 
culating vasoactive compounds (serotonin- 
reflected in the urinary concentrations of its 
metabolite 5-hydroxyindole acetic acid! ° and 
tachykinins’), but there have been conflicting 
findings.” '* Though raised concentrations 
have not been shown to be associated with 
carcinoid heart disease, bradykinin has also 
been proposed as an aetiological factor, because 
it is produced in large amounts, is capable of 
producing endothelial injury, and its inacti- 
vation in the lung might explain the pre- 
dominance of lesions in the right side of the 
heart.®° 

Evidence also suggests a link between 
serotonin rich diets and endomyocardial 
fibrosis in Uganda.” Finally methysergide (a 
serotonin antagonist) can produce retro- 
peritoneal and occasionally valvar and endocar- 
dial lesions,'* both of which point indirectly to 
the role of serotonin in the aetiology of the 
plaques. 


PROGNOSIS AND THE NEED FOR INTERVENTION 

By the time carcinoid heart disease has 
developed the prognosis is poor with a median 
survival time of 14 months. In the past most 
patients died of their malignancy or other 
complications rather than heart disease.’ In 
general, therefore, carcinoid heart disease has 
been treated conservatively, surgery being 
reserved for patients thought likely to have an 
unusually good prognosis. Recently introduced 
medical treatments have greatly improved the 
quality of life for many with the carcinoid 
syndrome. Both « interferon and octreotide (a 
long acting somatostatin analogue) reduce 
flushing and diarrhoea in 60-70% of patients, 
and there is some evidence of improved 
survival with «œ interferon.” '® If patients 
survive longer with a better quality of life the 
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relative impact of the cardiac lesions is likely to 
be greater and it can be expected that the 
number of patients in good general condition 
referred for cardiological intervention will 
increase in the next few years. 

We argued that although the pulmonary 
valve gradients were not great in our two 
patients, relief of the outflow tract obstruction 
would reduce the degree of tricuspid regurgita- 
tion and improve cardiac output. The dramatic 
resolution of the tricuspid incompetence in 
case 2—~albeit for only a few weeks—provides 
some support for this proposition. 

Balloon dilatation of the pulmonary valve is a 
safe technique, with excellent immediate and 
long-term results in patients with congenital 
pulmonary valve stenosis. It is the recommen- 
ded treatment for patients with this condition.” 

Successful balloon dilatation of carcinoid 
tricuspid stenosis has been reported in one 
patient and the authors speculated that balloon 
dilatation of carcinoid pulmonary stenosis was 
also likely to be effective.” The likely efficacy of 
balloon dilatation applied to the carcinoid 
pulmonary valve has also been speculated upon 
by Cheng.”! Combined balloon dilatation of the 
tricuspid and pulmonary valves has also been 
reported as successful in a patient with com- 
bined tricuspid and pulmonary stenosis in the 
carcinoid heart,” not the typical pattern of 
valve lesions in this disease. 

The results in our two patients, however, 
were disappointing; whereas double valve 
replacement produced good results. The rapid 
recurrence of the right ventricular outflow tract 
obstruction is perhaps not surprising in view of 
the pathology. Presumably the balloon merely 
compressed the fibrous plaques, which sub- 
sequently recoiled or continued to grow, in 
contrast to the splitting of fused commissures 
that is caused by balloon dilatation for pulmon- 
ary valve stenosis. The smaller pulmonary 
valve gradient in case 1 may indicate that in this 
case the tricuspid regurgitation was a more 
important cause of congestive cardiac failure 
than in case 2. 

Reported cases of valve surgery for carcinoid 
heart disease include a series of 13 patients 
collected from published reports and reviewed 
by Strickman’ and a series of 32 reported cases 
collected more recently by Lundin et al.’ 
Further cases have also recently been described 
by Bilinska etal” and by Fetherston and 
Davis.” Patients undergoing surgery (usually 
tricuspid valve replacement with either pul- 
monary valvotomy, valvectomy or valve re- 
placement’) have in general done well, with the 
median survival from Strickman’s series being 
in excess of two years, which is excellent given 
the natural cause of the disease by the time 
cardiac symptoms develop. 

The two cases described here accord with the 
view that valve surgery can be expected to 
produce good symptomatic relief in advanced 
carcinoid heart disease and is superior to 
balloon dilatation of the pulmonary valve, 
which we found to be ineffective. 


We thank Mr AN Rahman who performed the surgery in both 
cases. 
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Percutaneous balloon dilatation of the mitral valve 
in patients who were unsuitable for surgical 


treatment 


T R D Shaw, D McAreavey, A R Essop, A D Flapan, A T Elder 


Abstract 

Objective—To assess the effects on 
haemodynamic function and symptoms 
of percutaneous balloon dilatation of 
mitral stenosis in patients unable to 
undergo surgical treatment because of 
associated medical/cardiac problems. 

Design-—A review of clinical outcome 
in 28 patients (of 108 undergoing balloon 
dilatation of the mitral valve) who were 
unsuitable for surgery. 

Setting--A tertiary cardiac referral 
centre: some patients referred were 
from other cardiac centres in Scotland. 

Patients-—-28 patients judged by car- 
diac surgeons to be unsuitable for valve 
replacement or valvotomy because of 
respiratory disease (15 patients), non- 
mitral cardiac disease (6), multi-organ 
impairment (5), psychiatric problems 
(1) or dense intrathoracic adhesions (1). 

Interventions—Percutaneous antero- 
grade balloon dilatation of the mitral 
valve with polyethylene/polyviny] 
balloons in 20 patients and the Inoue 
balloon in eight patients. 

Main outcome measures—Haemody- 
namic variables were measured before 
and immediately after mitral valve 
dilatation. Patient survival and symp- 
tom class (New York Heart Association) 
were followed for a year after the 
procedure. 

Results—Dilatation at the mitral 
orifice was achieved in all cases. The 
mean (SD) pressure drop across the 
valve fell from 13-9 (5:3) to 5:6 (2°5) mm 
Hg, cardiac output rose from 3-18 (1-02) 
to 3-96 (2:5) l/min, and valve area 
increased from 0-78 (0°32) to 1:58 (0°56) 
cm’. The procedure was well tolerated 


by most patients, even those with 
metabolic/electrolyte disturbance, 
severe obstructive airways disease, 


myocardial impairment, and coronary 
disease. In three patients a small shunt 
developed at the atrial level: none 
developed severe mitral reflux. The two 
patients who required assisted ventila- 
tion died soon after the procedure and in 
one patient with severe coronary artery 
disease myocardial infarction developed 
and she died in cardiogenic shock. Early 
symptomatic improvement was repor- 
ted by 23 of the 25 survivors, though the 


increase in exercise capacity was often 
limited by their non-mitral disease. At 
one year follow up a further 6 patients 
had died because of their additional dis- 
ease: 15 continued to show symptomatic 
improvement. 

Conclustons—Percutaneous  balioon 
dilatation of the mitral valve is a useful 
new option in patients who are too ill to 
undergo cardiac surgery; but longer 
term benefit can be limited by the 
associated disease. 


The introduction of percutaneous balloon 
dilatation created a new option in the treat- 
ment of mitral stenosis.'? The place of mitral 
balloon dilatation in relation to surgical treat- 
ment has still to be fully established but 
balloon dilatation may be useful in patients 
with additional medical problems that put 
them at an unacceptably high risk for opera- 
tion. In Western Europe and North America 
the proportion of elderly patients with severe 
mitral stenosis and additional disease is 
increasing as acute rheumatic fever becomes 
less common.’ Also in some patients re- 
stenosis develops after a successful surgical 
valvotomy carried out many years earlier. We 
report the results of percutaneous balloon 
dilatation of the mitral valve in patients in 
whom surgical treatment was regarded as 
unacceptable. 


Patients and methods 

PATIENTS 

Each patient had been judged by a cardiac 
surgeon as unacceptable for operation because 
of medical problems other than mitral valve 
disease. Patients whom a surgeon was reluc- 
tant to accept because of age and or general 
frailty were not included in this series because 
these criteria are less clear cut. Nor were the 
patients who had one or more moderately 
severe medical problems that would have 
added to the risk of surgery but did not 
constitute an absolute contraindication to 
operation. 

There were four groups of principal contra- 
indication to operation: 

Group A—Severe chronic obstructive air- 
ways disease. There were 15 patients in this 
group (table 1). They often also had additional 
problems such as obesity, diabetes, peripheral 
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Table 1 Clinical characteristics and haemodynamic data before and after balloon dilatation of the mitral valve in 28 patients unsuitable for mitral 
valve replacement 


semester nm TEAR AARAA TE AERNNNNNNNN YY NNN 
RV systolic Mean LA pee Cardiac Valve 





pressure pressure output area 
NYHA Cald- (mm/Hg)  (mm|Hg) amj Ee) (ilmin) (a) “hi De ee 
fcaion —oooo oor ee Oe 
no Sex Age Rhythm VTY ( bra) grade B A B A B A B A B A shunt (4-8 wk) I year 
Group A: ; 
AF 0 IV 3 45 NR 35 7 22 7 24 29 046 09l 0 Died Died 
2 M 71 AF 0 IV 3 42 NR 19 11 10 2 28 42 069 2-23 0 HI Died 
3 F 70 AF 0 IV 3 57 NR 16 25 8 12 28 37 065 6-76 0 H ill 
4 F 56 AF 0 Wi 0 55 NR 22 9 15 l 23 23 046 189 9 H H 
5 F 55 AF 0 Ill i 45 NR 23 17 7 5 38 46 1:18 1-64 0 H I 
6 F 71 AF 0 IV 2 90 75 24 10 23 4 22 31 0-34 1-17 0 II II 
7 F 65 AF + IV 2 58 35 25 6 13 J 23 2:7 O56 2-30 1:2 III IH 
8 M 63 AF + IV 3 82 54 24 17 18 7 $34 39 O75 1:25 0 II Died 
9 M 55 SR 0 III 0 78 52 32 19 25 8 44 45 0-80 1-40 0 II II 
10 F 75 AF + III 3 70 A 27 24 16 5 28 $31 £058 1-01 1-2 III III 
11 F 53 AF 0 IV -3 105 99 33 22 23 4 19 25 030 1-03 0 I 
12 F 69 AF 0 IV 2 52 45 2 29 10 9 41 #41 114 116 Ọ0 IV IV 
13 M 71 AF 0 IV. 0 37 35 18 16 12 6 50 85 1-46 3-50 0 Il II 
14 F 65 AF 0 IV 3 83 60 28 27 14 5 34 37 Q068 1-28 0 Died Died 
15 F 71 AF + Wi 0 42 45 2) 18 6 4 30 34 090 144 0 II Ii 
Mean (SD) 65-6 (7-7) 70-7 540 250 171 148 53 3:10 3-81 073 1-53 
(22-2) (17-2) (5-6) TD (6-2) (2-9) (0-89) (1-47) (0-32) (0-71) 
Group B 
16 M 59 AF 0 IV 0 52 NR 28 29 13 6 31 31 0-78 1-4] 0 H Died 
17 M 74 AF + II 0 53 NR 19 16 1} 6 27 40 0-77 1-43 0) H H 
18 F 78 AF 0) IV 3 2T 32 19 12 3 1 28 3-7 1:18 2-02 0 II II 
19 E 75 SR Q IV 3 153 130 36 29 20 7 31 46 060 163 0 III IV 
20 F 74 AF Q WI 2 40 37 22 17 11 6 34 50 084 179 13 II II 
21 F 74 AF 9 IV 0 45 48 23 29 13 5 35 40 085 1:57 0 III Died 
Mean (SD) 72:3 (6°7) 66:2 61:7 245 222 11-8 52 310 406 083 1-64 
(58°3)* (45-9) (6-5) (7-8) (5-4) (2:1) (0-32) (0-67) (1-19) (0-23) 
Group C 
22 F 63 AF 0 IV 3 75 NR 22 15 14 7 23 36 0-660 128 0 HI Died 
23 M 69 AF 0 IV 0 88 75 4i 23 16 5 22 35 056 172 0 Died Died 
24 F 58 AF + IV 3 60 60 23 23 12 6 1-9 1G 058 06-93 0 III IV 
25 F T2 AF 0 IV 0 65 60 20 22 14 7 49 60 1-11 199 0 HI Died 
26 F 60 AF 0 II 0 50 50 29 27 Il 6 58 57 1-62 2-29 0 II H 
Mean (SD) 64:4 (5:9) 657 61:2 273 22:1 134 62 342 414 089 1-64 
(16:0)* (10-3) (8-5) (43) (43) (08) (1:79) (1-70) (0:46) (0-54) 
Group D 
27 F 59 AF 0 III 3 70 60 29 17 14 8 22 32 O55 1-65 0 I I 
28 F 70 AF + IV 2 65 50 25 20 17 9 47 56 107 1-67 0 III Ill 
Mean (SD) 64-5 (7-7) 675 552 274 185 155 85 345 440 081 1-66 


35) (T1) (28) (21) (2-1) (0-7) (1-77) (1-69) (0-36) (0-01) 


SA At CNN te ern errr rer rr 
oe sinus rhythm; AF, atrial fibrillation; B, before dilatation; A, after dilatation; LA, left atrial; VTY, previous valvotomy; RV, right ventricular; NR, not recorded. 
our patients. 


and cerebral vascular disease, left ventricular one (patient 28), who had previously under- 
impairment, and coronary artery disease. gone mitral valvotomy, had dense intra- 
Group B—Severe non-mitral cardiac dis- thoracic adhesions that caused an attempt 
ease: six patients were in this category. Three at valve replacement to be abandoned. 
had severe left ventricular impairment (ejec- The mean (SD) age of the 28 patients was 
tion fractions 10, 15, and 25% and the last two 66-7 (7-4) years (range 53-78). There were 21 
had additional coronary disease) and three had women and seven men. A history of rheumatic 
severe diffuse coronary artery disease unsuit- fever was reported by eight (29%) and seven 
able for coronary artery bypass grafts. (25%) had had a valvotomy, including two 
Group C—Miultiorgan impairment: five patients had two previous surgical valvo- 
patients had severe multi-system medical tomies. The mean daily dose of frusemide at 
problems (table 2). the time of dilatation was 144 mg (range 40- 
Group D—Miscellaneous: one (patient 27) 500 mg). These 28 patients had been referred 
had severe depression and schizophrenia and from cardiac departments throughout 


Table 2 Patients with mulri-organ impairment in addition to mitral stenosis 





Organ impairment 
Patient no Patient diagnosis Renal Hepatic Cerebral Vascular Haematological 
22 Diabetes mellitus, atherosclerosis/gangrene, low output state + + i i 
23 S c lupus erythematosus, vasculitis, + + 
aa obstructive airways disease, cerebrovascular dacs, left ventricular 

24 eria left ventricular function, recurrent ventricular tachycardia, + + + = = 

persistent electrolyte imbalance, low output stete 
25 Dense hemipl low output state, -+ + + = Bes 

severe canid eiua 
26 Glomenatonephuitis, t rheumatoid arthritis, anaemia, + — — 4 + 


hypertension, left ventricular impairment 
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Figure 1 Valve area before and immediately after mitral balloon dilatation: the 
i are grouped according to the principal type of contraindication to surgery (see 
text j. 


Scotland and they constituted 26% of the 
patients undergoing balloon dilatation of the 
mitral valve. Seven of the 28 patients could 
not leave hospital because of severe symptoms 
and had urgently required balloon dilatation. 


DILATATION TECHNIQUE 

The dilatation procedures were carried out in 
the cardiac laboratory with oxygen and stan- 
dard resuscitation equipment available. After 
the procedure the patients were monitored in 
the coronary care unit. 

Patients with respiratory disease were given 
no premedication but the others were given 
diazepam (10mg orally) and, if required, 
intravenous morphine. One patient (case 1) 
with severe orthopnoea required a general 
anaesthetic. Balloon catheters were inserted at 
the groin under local anaesthesia. The Brock- 
enbrough catheter/needle and the dilatation 
balloons were advanced to the left atrium 
from the right femoral vein. An F6 pigtail 
catheter via the right or left femoral artery was 
used to monitor aortic pressure and to 
measure the valve gradient and mitral reflux. 
An F8 introducer sheath was placed in the left 
femoral vein to allow access for a pacing 
electrode and fluid/drug administration if 


Table 3 Changes in indices of renal and hepatic function and tn cerebral function | 
before and after balloon dilatation of the mitral valve in the five patients with multi- 
organ impairment l 








Blood urea (mmoljt) Bilirubin (pmol/l) 
Patient Before After Before After Cerebral function 
17-1 6-4 49 42 
243 15-4 64 74 Worsened (CVA) 
24 21:7 6-6 58 35 Imp 
347 16-3 4l 34 Improved 
35:5 35-4 — — mamen 
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needed. Patients were treated with warfarin 
for at least four weeks unless anticoagulation 
was contraindicated and at the time of the 
procedure all patients were given heparin (100 
units/kg body weight). 

In 20 patients mitral dilatation was carried 
out with polyethylene (Mansfield Scientific) or 
polyvinyl/Trefoil (Schneider-Shiley) balloons 
by the technique described by Lock et al 
except that the guide wire was usually advan- 
ced to the left ventricle rather than to the 
aorta. The Trefoil model (3 x 12 mm) was 
used for two patients. In the 18 patients 
treated by polyethylene balloon a single 
25 mm balloon was used in Il and a double 
balloon technique‘ was used in seven, with 
sizes from 15 + 15 mm to 15 + 25 mm. The 
Inoue rubber-nylon balloon technique’ was 
used for eight patients, with final dilation sizes 
of 27 mm (one patient), 28 mm (two patients), 
30mm (three patients), and 32mm (two 
patients). All procedures were carried out by 
one primary operator (TRDS). 

‘Pressures were recorded with zero at 10 cm 
above the table. Cardiac output was calculated 
by the Fick principle from oxygen saturations 
and with an assumed oxygen consumption. 
After dilatation right heart saturations were 
measured in the venae cavae to avoid arterial 
blood from the atrial septal puncture site. The 
left to right shunt was estimated from right 
heart oxygen saturations. The mitral valve 
area was calculated from the modified 
Gorlin tion:*” diastolic flow/ 
38x ./mean gradient. Mitral reflux was 
assessed by the method of Sellars et al.® 


Results 

In all patients dilatation at the mitral valve was 
achieved. Table 1 gives the haemodynamic 
findings before dilatation and after the final 
dilatation for each group of patients. Valve area 
increased in all patients but to a degree that 
varied from minimal to substantial. For the 28 
patients overall, mean (SD) valve area 
increased from 0:78 (0-32) to 1:58 (0-56) 
(+ 103%). In those who had mild or no mitral 
valve calcification valve area increased from 
0-95 (0-35) to 1-84 (0-61) cm’, and in those with 
moderate or heavy calcification it increased 
from 0-68 (0:25) to 1:41 (0-47) cm? (fig 1). For 
the 28 patients overall, the valve gradient was 
reduced from 13-9 (5:3) to 5-6 (2-5) mm Hg 
(—60%), cardiac output rose from 3-18 (1-02) 
to 3-96 (1-33) l/min (+25%), and mean left 
atrial pressure fell from 25-4 (6-0) to 19-1 (6-9) 
mm Hg (—25%). Right ventricular systolic 
pressure, measured before and after the 
procedure in 20 patients fell from 68-5 (28-5) to 
57-1 (22-5) mm Hg (— 17%). All the changes 
were statistically significant (p < 0-001, paired 
t test). 

Three of the five patients with multi-organ 
problems who had renal or hepatic impairment 
showed metabolic improvement within a few 
days after the procedure (table 3). 

The mean duration of the total catheterisa- 
tion procedure, which included diagnostic 
catheterisation measurements and coronary 
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Figure 2 Symptoms 
before, at 1-2 months after 
and at one year after 
balloon dilatation of the 
mitral valve in patients tn 
groups A-D. NYHA, 
New York Heart 


Association symptom class. 
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angiography in most patients, was 110 minutes 
(range 60-225). The mean x ray screening time 
was 36 minutes (range 10-81). The time from 
beginning to end of each balloon inflation was 
5-10 seconds for the polyethylene/polyviny! 
balloons and 3—6 seconds for the Inoue balloon. 
Aortic pressure before, during, and after dilata- 
tion was recorded in 23 patients and fell from a 
mean of 140/71 mm Hg to a mean nadir of 52/ 
39 mm Hg. 

Minor complications occurred in four 
patients. In one (patient 16) brief syncope 
deveioped during balloon dilatation. During 
balloon dilatation one patient (2) with conduc- 
tion system disease had a period of asystole that 
responded to a chest thump: a temporary 
pacemaker was inserted and the procedure was 
completed. One patient (case 4) required trans- 
fusion for blood loss at catheter changes. One 
patient (case 20) showed an increase of mitral 
reflux by one grade: she had no reflux before 
dilatation and showed mild reflux after. A left to 
right shunt at the atrial crossing point was 
detected in three patients but was small (1:2, 
1-2, and 1-3:1) in each. 

There were major complications in three 
patients. A 69 year old woman (patient 1), with 
both severe obstructive airways disease (FEV, 
0-4 1) and considerable orthopnoea required a 
general anaesthetic in order to lie flat for the 
procedure: she died of respiratory failure six 
hours later and in retrospect should have been 
ventilated for longer. Necropsy showed no 
cardiac complication. A man aged 69 (patient 
23) with breathlessness at rest was severely ill 
with lupus erythematosus and vasculitis which 
had persisted despite steroid therapy. He also 
had chronic obstructive airways disease, left 
ventricular impairment, and a past history of 
stroke. He became agitated during the 
procedure and was given intravenous sedation. 
This caused increased hypoxia and he required 
assisted ventilation. Evidence of a hemiplegia 
became apparent two days after the procedure. 
He died nine days later. He might have bene- 
fited from earlier ventilation. The third patient 
was a 65 year old woman (patient 14) who had 
obstructive airways disease (FEV, 0-67 1) with 
moderately reduced carbon monoxide transfer 
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factor, severe and very diffuse disease of the 
anterior descending and circumflex coronary 
arteries, and occlusion of the right coronary 
artery, considerable pulmonary hypertension, 
and obesity. The initial arterial oxygen satura- 
tion was 83%. Her mitral valve was dilated 
with the Inoue balloon at 25, 28, and 30 mm 
sizes. The left ventricular angiogram after the 
final dilatation showed that left ventricular 
function, which had been good, had become 
impaired by appreciable antero-apical hypok- 
inesia. Left ventricular end diastolic pressure 
had increased from 15 to 25 mm Hg and the 
ejection fraction had fallen from 71% to 41%. 
Review of her angiograms showed that a minor 
apical change had developed after the earlier 
dilatations. She died of cardiogenic shock three 
days later and had evidence of anterior infarc- 
tion. At the final balloon dilatation the systemic 
blood pressure had fallen from 130/70 to a 
minimum of 56/48 mmHg during a four 
second dilatation period. At necropsy diffuse 
coronary disease was confirmed but there was 
no evidence of coronary embolism or throm- 
bosis. A change in left ventricular function was 
also noted in patient 21 who had severe disease 
of the circumflex and right coronary arteries. 
Hypokinesia of the inferior surface developed. 
Left ventricular diastolic pressure rose from 5— 
12 to 15-20 mm Hg and the ejection fraction 
fell from 71% to 36% but acute left heart 
failure did not develop. 


SYMPTOM OUTCOME 

Figure 2 and table 1 give the symptom clas- 
sification of the four groups of patients and 
compare the symptoms before the procedure 
with those reported at first follow up 1-2 
months later. The improvement in symptoms 
was limited by the associated non-mitral dis- 
ease or, in some patients, by a suboptimal 
haemodynamic result due to considerable 
degenerative changes in the valve. Twenty 
three patients improved by one or more symp- 
tom classes. In those with respiratory disease 
11 of 15 patients reported early improvement, 
two were unchanged, and two had died. All six 
patients with additional cardiac disease repor- 
ted early symptomatic improvement. Four of 


the five patients with multi-organ medical 
problems showed some early symptomatic 
improvement and one had died. 

Two patients have had a repeat balloon 
dilatation procedure for re-stenosis (one five 
months and one 21 months after the first.) 

Twenty one patients were reviewed one year 
after balloon dilatation and seven were revi- 
ewed at 8-12 months (fig 2 and table 1). In the 
group with respiratory disease two further 
patients had died: nine (60%) continued to 
show some symptomatic improvement up to 
one year after dilatation. Of the six patients 
with additional severe cardiac disease, two 
patients had died by one year, two showed 
continued improvement, and one patient had 
reverted to NYHA symptom class IV. In the 
group of five patients with severe general 
medical problems three had died by one year, 
one again had breathlessness at rest, and one 
showed sustained improvement. 


Discussion 

The patients in this series were all severely 
disabled by their breathlessness. All had at least 
one major associated medical problem that put 
them at an unacceptably high risk as judged by 
their cardiac surgeon. In these circumstances 
balloon dilatation of the mitral valve might be 
considered successful if it produced a small but 
significant improvement in exercise capacity or 
prevented clinical deterioration. 

In younger patients, most of whom have 
thin, pliant valves, balloon dilatation has 
produced excellent results.?7**" When the 
cusps were thickened, immobile, or calcified 
and there were subvalvar changes in the chor- 
dae the haemodynamic improvement was not 
as good. Abascal et al found that when 
patients had mild degenerative changes in the 
valves 84% had a “good” result with a final 
valve area of over 1-5 cm* whereas in those with 
considerable changes 42% had a “good” 
haemodynamic result and in this group there 
was a wide scatter of individual results.” In our 
28 patients who were unsuitable for cardiac 
surgery symptomatic improvement was often 
limited by associated disease or by valve cal- 
cification or both. However, 12 hada final mitral 
valve area > 1-5 cm? and 21 had a valve area 
> 1:2 cm? with 23 reporting improvement by at 
least one symptom class at early follow up. 

Though it resembles diagnostic cardiac cath- 
eterisation, percutaneous balloon dilatation of 
the mitral balloon takes longer, uses larger 
balloon catheters, and requires much more 
manipulation of the catheter and guide wire. It 
also produces severe hypotension for a few 
seconds while the inflated balloon obstructs the 
mitral valve. Nevertheless, most of these 
severely ill patients tolerated the procedure 
well. There was, however, some risk in under- 
taking balloon dilatation in patients with severe 
associated medical problems. Major, fatal com- 
plications related to lung ventilation developed 
in two patients. Those patients with respiratory 
problems who could be treated with use of only 
local anaesthetic and no sedation tolerated the 
procedure well. Patients with respiratory dis- 
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ease who then require sedation or anaesthesia 
should have close anaesthetic supervision 
before and after the procedure and after dilata- 
tion should be treated in an intensive care unit 
rather than a coronary care unit. 

Severe mitral reflux developed in 2-4% of 
patients undergoing balloon dilatation.'°' 
This complication did not develop in our series 
but it would be a major problem in a patient 
unable to have emergency mitral valve 
replacement. This must be considered as a 
small but significant risk when balloon dilata- 
tion is undertaken in patients unacceptable for 
cardiac surgery. It may therefore be advisable 
to be cautious with the choice of mitral balloon 
size. The Inoue balloon, which allows progres- 
sively larger dilatations, may help to reduce the 
incidence of severe mitral reflux. Cerebral 
embolism and haemopericardium are the two 
other major but uncommon complications of 
percutaneous balloon dilatation of the mitral 
valve. 

One patient developed extensive anterior 
infarction, not due to embolism, after uncom- 
plicated balloon dilatations that had lasted only 
four seconds. Of our total of 108 patients 
undergoing balloon dilatation of the mitral 
valve 22 (20%) had known coronary artery 
disease and all but one other (patient 21) had 
tolerated the procedure without overt myocar- 
dial impairment. In the light of this complica- 
tion it seems advisable to restrict the number of 
inflations and the inflation time in those with 
critical coronary artery lesions. 

The balance of benefit and risk means that 
balloon dilatation is worth undertaking in 
patients with severe mitral stenosis who are 
unsuitable for cardiac surgery. In most patients 
symptoms will improve. There is some risk 
attached to the procedure and the improvement 
in breathlessness may be restricted by the 
associated disease or because haemodynamic 
improvement is limited by extensive valve 
thickening and calcification. Some patients with 
considerably thickened and calcified valves, 
however, can obtain good haemodynamic 
improvement and relief of breathlessness: 
individual results are unpredictable. For the 
type of patient included in this series a 
moderate improvement in symptoms and 
modest extension of life expectancy can be a 
sufficient objective to justify attempting balloon 
dilatation. 
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Closing sounds and related complaints after heart 
valve replacement with St Jude Medical, 
Duromedics Edwards, Bjork-Shiley Monostrut, 
and Carbomedics prostheses 


Anton Moritz, Ullrich Steinseifer, Georg Kobinia, Kurt Neuwirth-Riedl, Heinrich 


Wolters, Helmut Reul, Ernst Wolner 


Abstract 

Objective—To measure the noise 
produced and related subjective com- 
plaints after implantation of four dif- 
ferent mechanical heart valve prostheses 
and to identify further factors related to 
the patient and prosthesis that influence 
noise generation and complaints. 

Design—Sound pressure was meas- 
ured 5 and 10 cm and 1 m from the point 
of maximal impulse on the body surface 
by a calibrated meter in quiet rooms 
with either a decibel(A) filter or octave 
filters. The patients were asked about 
their complaints and examined 
physically. 

Setting—The measurements were con- 
ducted in silent rooms of ear, nose, and 
throat departments. The patients had 
been operated on either in a university 
hospital or a community hospital. 

Main outcome measures—Sound pres- 
sures of frequency bands and sound 
pressures measured in dB(A) at various 
distances. Complaints registerd were: 
sleep disturbance, disturbance during 
daytime, “wants a less noisy prosthesis,” 
and “can hear the closing click”. 

Patients—143 patients after heart 
valve replacement with St Jude Medical 
{n = 35), Duromedics Edwards (n = 38), 
Carbomedics (n = 34) and Bjork-Shiley 
Monostrut (n = 36) prostheses operated 
on between 1984 and 1988 were matched 
for valve position, ring size, and body 
surface area. 

Results—Duromedics Edwards (33-5 
(6) dB(A)) and Bjérk-Shiley Monostrut 
valves (31 (4) dB(A)) were significantly 
louder than St Jude Medical (24 (4) 
dB(A)) and Carbomedics (25 (6) dB(A)) 
prostheses (p = 00001) (mean (SD)). 
The louder valves were significantly more 
often heard by the patients (p = 0:0012) 
and caused more complaints both during 
sleep (p = 0-024) and during the daytime 
(p = 0:07). Patients with these valves 
were more likely to want a less noisy 
valve (p = 0:0047). Patients with symp- 
toms were younger, had better hearing, 
and were more likely to be in sinus 


rhythm. As well as the type of pros- 
theses, the valve diameter and body 
height also had an effect on sound 
emission. 

Conclustons—The intensity of the clos- 
ing click of mechanical valve prostheses 
was significantly different for various 
designs. Patient complaints were related 
to the objectively measured sound pres- 
sure. Noise production should be 
considered when a mechanical valve is 
selected. 


Replacement of stenotic or regurgitant heart 
valves with mechanical prostheses improves 
physical ability and long-term survival in 
patients with congenital or acquired heart 
valve disease. As well as the risk of complica- 
tions related to the prosthesis and treatment 
with anticoagulants—such as embolism, 
bleeding, and infection—the patients can hear 
the closing click of the occluders that are 
typically made from pyrolytic carbon. Com- 
plaints about this permanent clicking are gen- 
erally not noted in the clinical follow up 
reports. Because the rates of thromboembolic 
episodes (the complication most affected by 
valve design) are similar for the currently used 
mechanical valves, noise generation may well 
be a criterion for valve selection. We studied 
the sound intensity produced by various types 
of mechanical valve prostheses and we invest- 
igated whether there is a correlation between 
the sound emitted and patients’ complaints 
related to noise. 


Patients and methods 

We studied 143 patients (mean age 57 years 
(range 26~76)) after valve replacement with St 
Jude Medical (n = 35), Duromedics Edwards 
(n = 38), and Carbomedics (n = 34) bi-leaflet 
valve prostheses and Bjérk-Shiley Monostrut 
(n = 36) tilting disk prostheses. All valves 
have a satisfactory haemodynamic perform- 
ance'? and a low rate of thromboembolic com- 
plications.” The Duromedics valve had been 
withdrawn from the market because of reports 
of mechanical disintegration of the prosthesis 
with leaflet escape,’ but was reintroduced after 
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Figure 1 Technical details of the three bi-leaflet valves. The Duromedics Edwards 
prosthesis has thick, curved leaflets that rotate and move longitudinally in the elongated 


sockets of the valve 


ing. The maximal opentng angle is 76°. At valve closure the 


leaflets strike the seating hp'of the valve housing. The St Jude Medical valve has a 
simple pivot articulation and straight leaflets with a maximal opening angle of 85°. The 
CarboMedics prosthesis also has a simple pivot articulation and tts straight leaflets open 


to 78° maximally. In the closed position 


leaflets of both valves rest against the inner 


aspect of the valve housing at an acute angle. 


changes in production methods, the sewing 
ring, and component tolerances. Though all 
the bi-leaflet valves are similar in concept there 
are considerable design differences between 
them. The St Jude valve has a simple pivot 
hinge mechanism and its thin, straight leaflets 
rest against the housing after a maximal rota- 
tion of 55°-60°. The leaflets of the Duromedics 
Edwards valves are curved and move along a 
combined rotational and longitudinal route in 
the elongated sockets of the valve housing 
during valve closure, with a maximal rotation 
of 71° to 76° (fig 1). The Carbomedics pros- 
theses again has straight leaflets but a smaller 
maximal opening angle than the St Jude 
Medical valve. This design feature leads to an 
earlier onset of valve closure with less regur- 
gitation. The weight of a single leaflet of a 
25mm prostheses is highest for the 
Duromedics Edwards valve (0-388 g) followed 
by the St Jude Medical leaflet (0-331 g) and 
the Carbomedics leaflet (0-28 g). The Shiley 
Monostrut valve is the most recent version of 


. the Bjork prostheses, developed after strut 


fractures occurred in the convexo-concave 
valves. At valve closure the occluders of the 
Bjérk-Shiley Monostrut and the Duromedics 
Edwards valves strike a defined structure of 


Table 1 Patient characteristics (mean (SD)} 








Valve type n Annulus diameter {mm) BSA {m} Age (yr) 
Aortic 
St Jude 21 25-1 ies 1-8 (0-13) . 53-5 (11-9) 
edics 24 24-4 (2-2) 1-9 (0-15) 56-2 (10) 
Bjork-Shiley 22 24:3 (2:2) 1:9 (0-2) 58-9 (11) 
ics 22 24-4(1 6) 1-9(0-17) 58-9 (11-9) 
Mitral 
St Jude 11 29 (2) 1-7 (0°26) 55 (7:2) 
Duoremedics 11 27 5 (0-9) 1:8 OIG 55 (13) 
Bjork-Shiley 11 29 (1-5) 1-7 (0°16 59-9 (7-5) 
ics 10 27:6 (1-6) 1-7 (0-22) 62:9 (7) 
Aortic and mitral 
St Jude 3 —- 1-6 (0-1) 63 2 
Duromedics 3 = 1-7 (0-15) 56 
Bjork-Shiley 3 — 1-8 (© y 63 (6) 
Carbomedics 2 -— 1:7 (©3 55 
seein rs AA LENO PRPC SSS SSSSSSSSSSSSSSSestsssinesssteeaahrnnarosrenr 


BSA, body surtace area. 
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the valve housing, a seating lip in the case of 
the Duromedics Edwards valve and the two 
struts in the case of the Bjérk-Shiley Mono- 
strut valve. In St Jude Medical and Carbo- 
medics prostheses the leaflets rest at an angle 
of 20-26° against the smooth inner aspect of 
the housing. 

Patients were matched for valve position, 
tissue annulus diameter, and body surface 
area (table 1). In the mitral position the valve 
diameter was smaller for the Duromedics 
Edwards and Carbomedics valves than for the 
other groups. Patients completed a question- 
naire in which they were asked if they could 
hear their prosthesis, had their sleep disturbed 
by the clicking, felt disturbed during the 
daytime, or would prefer a less noisy pros- 
thesis. The external auditory canal was 
checked for obstructing foreign bodies. Car- 
diac rhythm, blood pressure, and the point of 
maximal impulse of the closing click were 
determined by physical examination. Sound 
pressure was recorded with a highly sensitive 
microphone (Bruel & Kjaer, type 4145, Den- 
mark) over the previously determined point of 
maximal impulse at a distance of 5, 10, and 
100 cm. Sound pressure was measured by a 
precision sound level meter (Briel & Kjaer 
2204, Denmark) in impulse mode to avoid 
mean measurements and to ensure the display 
of peak values. To determine sound pressures 
according to the frequency dependent hearing 
level of the human ear we used type A filters, 
which attenuate low and high frequencies, and 
recorded measured pressures in decibel(A) 
(db(A)). The sensitivity for the frequency 
bands is standardised in IEC 179. The sound 
level meter was calibrated with a sound level 
calibrator (Briel & Kjaer 4230, Denmark). 
We also used octave filters to measure sound 
pressure levels (db SPL) for the frequencies 
125, 250, and 500 Hz and 1, 2, 4, 8, and 
16 kHz. All recordings were done in quiet 
rooms used for audiometry. The hearing 
threshold was determined in all patients for 
frequencies ranging from 125 Hz to 12 kHz 
for both ears. A Peters audiometer (Sheffield 
UK) with Telephonics TDH 39 (New York, 
USA) headphones was used. Patients were 
asked whether they could still hear the click- 
ing after putting on the headsets. If this was 
the case broad spectrum noise and band noise 
was applied through the headsets in increasing 
intensity to determine the intensity of body 
conduction. 


STATISTICAL ANALYSIS 
Statistical comparisons were made on a per- 
sonal computer with Statview 512 (Brain 
Power, Calabasas, California) and JMP soft- 
ware. Variables were tested for normal dis- 
tribution by the F test and were compared by 
an unpaired z test or 7’ test. Relations between 
variables and measured sound pressure were 
determined by stepwise regression analysis. 
Further impact of patient and valve related 
variables on complaints was evaluated by 
simple and multiple logistic regression 
analysis. 

To compare the hearing threshold and 
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Figure 2. Comparison of 


sound pressures measured 


dB(A)) and the two other 
valve types. Sound 
pressures measured at this 
distance closely resemble 
those measured next to the 
patients ear. SJM, St 
Jude Medical; DE, 
Duromedics Edwards; 
BSM, Byork-Shiley 
Monosrut; CM, 
CarboMedics. 


Moritz, Steinseifer, Kobinia, Newuirth-Riedl, Wolters, Reul, Wolner 
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sound pressure we expressed the hearing 
threshold in db (SPL) by. adding the correc- 
tion values according to ISO 226 to the res- 
pective frequency dependent threshold 
measured at audiometry. 


Results 

The sound pressure developed by the pros- 
theses were significantly different at 5, 10, and 
100 cm. Five and 10 cm away from the body 
surface the Duromedics Edwards prostheses 
were louder than the other valves. At 1 m the 
Björk-Shiley Monostrut and the Duromedics 
Edwards valves were significantly louder than 
the two other valve types and their sound 
pressure levels were higher than the average 
level of background noise in a silent room (fig 2). 
The distance of 1 m seems to be most relevant 
because the sound pressures measured there 
are similar to those next to the patient’s ear. 

Sound pressure for valves in the sortic and 
mitral positions were similar for all the valve 
types. After double valve replacement sound 
pressures were higher than for single valve 
replacement for all valve types (fig 3). Neither 
systolic or diastolic blood pressure nor blood 
pressure amplitude correlated with the 
measured sound pressure for aortic and mitral 
prostheses. 

The differences in noise generation led to 
significant differences in sound related com- 
plaints. Patients with noisier valves were more 
likely to have symptoms (table 2) and measured 
sound pressures were significantly louder in 
patients with symptoms than in those without 
(fig 4). The sound pressure levels of the 
frequency bands were not distributed evenly 
within the audible range. Low and high fre- 
quencies dominated. Differences between 


Table 2 Noise related complaints 








£ ; Prefers less 
Valve type Valve audible PER aeiia leita 
SJM 22135 (63%) 3/35 (8:6%) 0/35 (0%) 4/35 (11%) 
DE 26/38 (68%) 10/38 (26%) 4/38 (10-5%) 12/38 (32% 
BSM 30/36 (83%) 13/36 (36%) 5/36 ae) 15/36 12%) 
CM 13/34 (38%) 5/34 (15%) 1/34 (3%) 1134 012% 
r p = 0-0012 p = 0-024 p = 0-07 p = 0-0047 





The noisier valve 


(DE) and Bjork-Shiley Monostrut (BSM)) 


sier types (Duromedics Edwards 
caused significantly more complaints than did the more silent types (St Jude Medical (SJM) and 


Carbomedics (CM)). 
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Figure 3 Tro implanted prostheses always generated 
more noise did one tmplant: For none of the 
investigated prostheses was there a significant difference in 
sound pressures measured at the aortic and mitral 
positions. See legend to fig 2 for abbreviations. 








-Mitra 
p = 0-0001 


symptomatic and symptom free patients were 
most significant at the higher frequencies (table 
3). The human hearing threshold attenuates 
low and high frequencies so that the audible 
noise levels between low-and middle frequency 
ranges are equalised (fig 5). 

Patients with symptoms had better hearing. 
Again this difference was most significant in the 
high frequency ranges (table 4). As a result of 
higher sound pressures and better hearing the 
audible noise level was significantly higher for 
patients with symptoms (fig 6). 

To identify factors related to the patient and 
prostheses that influence the noise developed 
we entered valve diameter, height, body 
weight, body surface area, body mass index, 
rhythm, systolic and diastolic blood pressure 
into a stepwise regression model. Valve 
diameter and body height emerged as sig- 
nificant variables. As the size of the prosthesis 
increased so did the energy released at valve 
closure and hence the sound pressure levels 
measured 1 m from the body surface correlated 
with the tissue annulus diameter of the implan- 
ted valve. Body height was an independent 
variable for developed noise. Body surface area, 
body weight, or body mass index as an 
indicator of obesity did not influence developed 
sound pressure_levels nor did blood pressure. 


WE Symptom free 
C Symptoms 


50 


è 





Click 
audible 
p = 0-0001 p 0-0013 p= 0-0036 p= 00001 


Sleep Daytime Prefers less 
disturbance disturbance nolsy valve 


Figure 4 Patients with symptoms had significantly 
noisier valves. This was true for all four types of 
complaints. 


Closing sounds and‘related complaints after heart valve replacement 


Table 3 Frequency dependent sound pressure levels (dB (SPL) ) (mean (SD)) 








Symptom 125 He 500 Hz 1 kHz 4 kHz 8 kHz 16 kHe 
Valve audible: 
No j 24 n 14 (4) 10 (5)* 11 (6)* 20 (8)* 30 (8)** 
‘Yes 25 (5 15 (3) 12 (3) 13 (4) 24 34(7) 
Sleep disturbance: 
No 25 A 15 (4) 11 (4) 12 (5) 22 (8)* 31 ae 
Yes 26 (4) 15 (3) 11 (2) 13 (5) (1) 36 (7) 
Daytime di bance 
No = 25 (5)* 15 (4) 11 (4) 12 (5)* 22 (8)* 32 (7)* 
Yes 28 (4) 15 (3) 13 (2) 15 (4) 28 (8) 38 (8)* 
Prefers iess val 
No sa a 25 2 14 (5) 10 (4)* 12 (3) 21(8)** 31 (7)** 
Yes 26 (5) 15 (3) 12 (3) 13 (5) 26 37 (7) 


*p < 0-05; **p < 601. 


This correlation is true for all patients and for 
the subgroup after aortic valve replacement 
(table 5). None of the variables affected the level 
of developed noise when valves were in the 
mitral position. A univariate logistic regression 
analysis showed that sound pressure level 
(dB(A)), intensity of 8 and 16 kHz frequency 
sounds, valve type, heart rhythm, hearing level 
at 8 and 12 kHz, and patient age significantly 
influenced the occurrence of symptoms (table 
6). Sleep disturbances and the request for a less 
noisy valve were more frequent in patients with 
intense low frequency body conduction indi- 
cated by the level of band noise necessary to 
override the perception of valve noise. Dias- 
tolic blood pressure influenced the audibility of 
valves only: valve position, body height, body 
weight, body surface area, and body mass index 
had no influence on complaints. 

All multiple logistic regression models had a 
value of R? of less than 0-29 and thus could not 
be used to predict the occurrence of symptoms 
in an individual patient. 


Discussion 

Though implanted mechanical valve pros- 
theses produce a clicking closing sound that 
often is audible some distance away from the 
patient, the relation of this noise level to 
complaints has rarely been evaluated. For 
modern prostheses the rates of complications 
are similar.*** So the effect of noise production 
on the quality of life of the valve carriers should 
be considered. Our study proved that there is a 
significant differencein sound emission between 
the tested prostheses. Differences were more 


Table4 Hearing thresholds (dB(HL)) in symptomatic and asymptomatic patients 


(mean (SD) ) 
Symptom 
Valve audible: 
No 
Yes 
Sleep disturbance: 
No 
Yes 
Daytime disturbance: 
No 
Yes 
Prefers less noisy valve 
No 
Yes 


*p < 0-05; **p < 0-01. 


125 Hz 


78 


17 (8 
18 


17 (8) 
18 (8) 


17 (8) 
17 (7) 


500 Hs IkHs 4 kHz 8 klisz 16 kHz 
15 (9 17(11)*  41(22)* 49(23)* 67 * 
12 8, 13 t10 28 {95 33 23) 54 (28 
13 9 15 (11) 34(21)* 41(24)* 60 (28)* 
il 11( 8) 24 ‘83 30 4) 49 (28) 
13 (9) 15 (11) 33 (21) 39 (24)* 59 (28)** 
9 (7) 9 (7) 24 (18) 22 (18) 38 (22) 
14 (9)* 15 (11)* 35 (21)** 343 (24)** 65 (27)** 
10 (6) 10 (7) 24 (19) 25 (20) 42 (25) 
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— Hearing threshold 
mm Closing click not audible 
CJ Closing click audible 


dB {A} 1 metre away 


16 kHz 


125 260 500Hz1kHz 2 4 B 


Figure 5 Sound pressure generated by the closing click 
was higher in the low and high frequency ranges of the 
audible range, but the effective intensity was attenuated by 
human hearing characteristics. The high fregency bands 
of the closing click were perceived most intensely and 
symptomatic valves significantly more noise in 
these ranges than did asymptomatic ones. 


consistent than in vitro results, which were 
obscured by the noise created by the valve 
tester.’ 

Noisy valve types clearly caused more com- 
plaints, but other variables related to the pros- 
theses and patient also influenced noise produc- 
tion and the rate of complaints. Young patients 
had hearing in the high frequency range of the 
closing click (15 to 16 kHz) and thus they 
perceived the valve noise more intensely than 
older patients. Patients in sinus rhythm had 
more complaints than did those in atrial fibrilla- 
tion, though there was no sigificant difference in 
measured sound pressure between regular and 
irregular heart beats. In the logistic regression 
young age was a much stronger predictor of 
complaints than sinus rhythm and the higher 
rate of compaints may thus have been caused by 
the younger age of patients in sinus rhythm. 

The bigger the prosthesis and the greater the 
occluder mass the higher the energy release at 
valve closure. The sound pressure increased 
with annulus diameter. Blood pressure did not 
influence measured sound pressure nor the rate 
of complaints, despite its likely influence on the 
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Figure 6 Patients who can hear their valve had louder 
valves and had better heartng than those who did not. As 
a result the difference between sound pressure and hearing 
twas significantly greater for the asymptomatic patients 
(A) than for those with symptoms (B). 
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Table 5 Variables related to the prosthesis and patient that influenced valve noise 
j rts about leaflet escape and fractures’ and 
determined by stepwise regression anal alve diameter and body hei FEES : pe es’ an 
deorlopid sound breure leli Dae a valve diameter Y height on the Shiley Monostrut valve is a reinfórced 
version of the 70° convexo-concave Björk valve 
Coefficient SE Probability Partial F in which strut fractures and disk embolisations 


Re nn eens ave been reported. Both prostheses were | 


All patients: ‘ g a 
Valve rae pe Pet we Pee identified as “noisy”? valves in our study. 
Height 0-138 0-054 0-012 6-46 Closing energy, calculated from circumferen- 
Aortic ieplants: tial velocity and leaflet weight, is slightly higher 
ce — O18 0-085 0-038 4-43 for the St Jude Medical than for the 
0:33 0-028 5-05 Duromedics Edwards valve." Early valve 


ee a smaller travel angle, and lighter 
a ets reduce the closing energy of the Car- 
energy at valve closure. Also in preliminary in bomedics valve. The eee the Bjork- 
vitro studies the relation between blood pres- Shiley Monostrut valve strikes the metal strut 
sure and,sound emission was weak (Wolters H, at the highest circumferential velocity.“ Small 
Theses RWTH Aachen). Not all the variables design details seem to cause the differences in 
with an impact on sound generation also noise generation between the three types of bi- 
influenced the rate of complaints and vice versa. leaflet valves. Compliance of the sewing ring 
The closing sound of a mechanical valve and design of the seating lip are probably more 
prosthesis consists of low frequency oscilla- important than the closing energy. This 
tions generated by the blood column and tissue accords with the findings of cavitation bubbie 
structures within the chest and of the high formation caused by fluid deceleration at the 
frequency click caused by the vibrations of the instant of closure. Increasing the sewing ring 
occluder.” For leaflets made from pyrolytic compliance and modifications of the seating lip 
carbon these high frequencies range between 8 significantly reduced the shock load at valve 
and 16 kHz." °? Sound propagation within the cjogure.!6!” 
chest is rather complex, because moving blood, The noise generated by mechanical valve 
air in the lungs, and solid tissues and bones will prostheses causes significant complaints in 
conduct and reflect sound differently. Because patients after heart valve replacement. The 
many patients were able to hear their valve four modern prostheses that we tested had a 
when they were wearing headsets, some of the similar rate of valve related complications but 
sound must be conducted by the body. __ two noisier types were identified. Because 
Externally measurable noise increased with measured sound intensity correlated with the 


body size, but height did not influence the rate rate of noise-related complaints the generation 
of complaints. In obese individuals subcutan- of sound should be considered when a 


eous and interstitial fatty tissue didnotdampen mechanical valve is selected. : 
sound emisson or reduce complaints. Patients 


who heard their valve by body conduction had 1 Richard GJ, O’Bannon W, More RB. An in vitro comparison 


significantly more sléep disturbance. Internally of 29mm mitral Carbomedics and St Jude Medical 
: i artificial heart valves. In: Bodnar E, ed. Surgery for keart 
conducted low frequency noise, in the 125 to valve disease. London: ICR Publishers, 1996-65633, 


250 Hz range, influenced the rate of sleep 2 Knott E, Reul H, Knoch M. In-vitro comparison of aortic 


i z ° heart valves prostheses. Part 1: Mechanical valves. J 
diturbance and the desire for a less noisy valve. Thorac Cardiovasc Surg 1988;96:128-33. 


Greater noise generation may also be related 3 ae LI, Ban 'uyamans EH, et al. Heart valve 
; Cement wi jOrk-Shiley Monostrut valve: carl 
to component wear. The Duromedics Edwards results of a multicenter clinical investigation, Ann Thora. 
valve was withdrawn from the market after Surg 1988;45:164~70. 


Table 6 Results of univariate logistic regression analysts of the impact on the occurrence of sound related complaints of 
various variables related to the patient or prostheses 





AU positions 
Variable Valve audible Sleep disturbance Daytime complaints Prefers less noisy valve 
Systolic blood pressure 0-44 0-12 0-2 0-7 
Diastolic blood pressure 0-014 0-197 0-49 0-21 
Blood pressure amplitude 0-026 0-37 0-41 0-78 
Body height 0-7 0-21 0-3 0:44 
Body weight 0-6 0-97 0-78 0-66 
y area l 1 l 1 

mass index 4 0-064 0-82 0-64 
Sinus rhythm/atrial fibrillation 0-011 0-039 0-034 0-0006 
Body conduction mae 0-026 0-122 œl 
Sound pressure at 10 cm 0-00032 0-01 0-34 0-0011 
Sound pressure at 1 m 0-000003 0-0016 0-0048 0-000004 
Sound pressure 125 Hz (1 m) 0-57 0-072 0-025 0-088 
Sound pressure 8 kHz (1 m) 0-00034 0-055 0-029 0-0012 
Sound pressure 16 kHz (1 m) 00022 0-0019 0-021 0-000041 
Hearing level 125 Hx 0-98 0-49 0-8 0-89 
Hearing level 8 kHz 0-00043 0-025 0-012 0-00019 
Hearing level 12 kHz 0-00232 0-057 0-017 0-00011 

0-000024 0-019 0-014 0-00015 

Band noise 125 Hz 0-75 0-00059 0-13 0-042 
Band noise 250 Hz 0-51 0-00161 0-13 0-027 
Valve position 0-4 0-47 0-19 0-21 
Valve diameter 0-075 0-47 0-22 0-55 
Valve type 0-0012 0-024 0-077 0-0047 
DE + BSM/S]IM + CM 0-0019 0:0047 0-012 - 0-0005 





See footnote to table 2 for abbreviations, 
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Doppler sonographic evaluation of mechanical 
and bioprosthetic mitral valve prostheses during 
exercise with a rate corrected pressure half time 


Ph Weiss, A Hoffmann, D Burckhardt 


Abstract 

Objective—To compare the effect of 
exercise on pressure half time in patients 
with mechanical or bioprosthetic mitral 
valves. A relative pressure half time 
(pressure half time as a percentage of 
RR interval) was used in an attempt to 
correct for the shortening of the diastolic 
time interval caused by the increase in 
heart rate during exercise and thus to 
uncover the effects of valve design on 
pressure half time during exercise. 

Patients——Twenty clinically stable 
(New York Heart Association grade I-I) 
patients with mechanical (n = 12) or 
bioprosthetic (n = 8) mitral valves 
(median age 51) years. The median time 
since valve replacement was 42 months. 

Methods—Continuous wave Doppler 
echocardiography from the apical view 
at rest and during moderate supine bi- 
cycle exercise (50 W). 

Results—During exercise the mean 
(SD) heart rate increased from 79 (12) to 
101 (12) beats per minute (95% confidence 
interval (95% CI) of difference, 15 to 29/ 
min) and the peak pressure gradient 
from 11 (5) to 18 (6) mm Hg (95% CI of 
difference 5 to 9 mm Hg). The pressure 
half time decreased from 114 (30) to 78 
(26) ms (95% CI of difference 30—42 ms). 
There was no difference between the 
valve types. The relative pressure half 
time remained unchanged in patients 
with mechanical valves during exercise 
(13 (4) rest and 13 (5)% exercise, respec- 
tively) and decreased in patients with 
bioprostheses (17 (3) and 12 (3)%, respec- 
tively (95% CI of difference 2 to 8%, 
p = 0-025). 

Conclusions—In patients with mech- 
anical mitral valves the decrease in the 
pressure half time during exercise is 
probably mostly the result of the short- 
ening of the diastolic time interval with 
increasing heart rate whereas in patients 
with bioprosthetic valves an increase in 
functional valve area may contribute to 
the shortening of pressure half time 
during exercise. 


Exercise Doppler echocardiography may be 
useful in the evaluation of prosthetic mitral 
valves.' In native valves pressure gradients 


tend to increase and pressure half time tends ` 


to decrease during exercise.” In patients with 


mitral valve prostheses the calculation of pres- 
sure gradients from flow velocities has been 
shown to yield reliable results.°* Though the 
area of the bioprosthetic mitral valve as cal- 
culated from the pressure half time at rest did 
not show a significant correlation with an in 
vitro model’ it was useful in distinguishing 
normal from obstructed mitral bioprostheses.*® 
In patients with mitral prostheses pressure 
half time at rest has been shown to be depen- 
dent on diastolic filling time but only 19% of 
the changes of the pressure half time could be 
explained by this factor.’ The influence of 
increasing heart rates during exercise on pres- 
sure half time in patients with mechanical or 
bioprosthetic mitral valves has not been 


reported yet to our knowledge. 


- We therefore compared the Doppler sono- 
graphic performance of clinically normal 
mechanical and bioprosthetic mitral valves in 
exercising patients and corrected the pressure 
half time for heart rate in an attempt to 
uncover effects of exercise and valve design on 
pressure half time. 


METHODS 

Twelve patients with mechanical mitral valves 
(five with St Jude Medical prostheses, five with 
Omnicarbon tilting disc, and two with Starr- 
Edwards ball prostheses) and eight patients 
with Jonescu-Shiley mitral bioprostheses 
were examined. All patients were clinically 
stable and in New York Heart Association 
functional class I-II. Patients were studied at 
rest and during moderate exercise in supine 
position by a non-imaging continuous wave 
Doppler transducer from the apical approach 
(Hewlett-Packard 77070A). Appropriate care 
was taken to record the maximal velocities and 
clearest signals ‘possible. The exercise consis- 
ted of two minutes at 25 W followed by two 
minutes at 50 W of supine bicycle exercise. 
The postion of the Doppler probe was held 
constant during exercise. Recordings were 
made at 50 mm/s paper speed at rest and 
during the last minute of exercise. When the 
recordings during exercise were not of satis- 
factory quality we replaced them with those 
made immediately after exercise (three 
patients). At leagt three beats in patients in 
sinus rhythm (17 patients) and five beats in 
patients with atrial fibrillation (three patients) 
were averaged. In all patients peak gradients 
(by the modified Bernoulli equation) and 
presure half time were obtained by two inves- 
tigators by hand.* The relative pressure half 
time (t4) as percentage of the total RR interval 
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was calculated to correct for changes in heart 
rate and corresponding shortening of dias- 
tole’ 8: 


relative t} = t} x 100/R interval. 


M mode echocardiography of the parsternal 
long axis view at the level of the papillary 
muscles was used to obtain the end diastolic 
left ventricular diameter and the shortening 
fraction. 


STATISTICAL ANALYSIS 

All values are expressed as mean (SD). Rest 
and exercise..values were compared by the 
Wilcoxon signed rank test and the two valve 
types were compared by the Mann-Whitney 
U test. A p value of < 0-05 was regarded as 
significant (two tailed test). Confidence 
intervals (95%) were calculated where 


‘appropriate. 


Results 

PATIENTS 

Patients with mechanical valves were 30-61 
years old (mean 51, median 51 years) and had 
the valve implanted 12—192 months previously 
(mean 63,.median 42 months). In patients with 
bioprostheses the respective values were 30-71 
years (mean 51, median 50) and 12-153 months 
(mean 57, median 42). The left ventricular end 
diastolic diameter was 51 (9) mm (range 36— 
66 mm) and the shortening fraction was 33 
(8)% (range 22-46%) in the patients with 
mechanical prostheses. In patients with 
bioprostheses the corresponding values were 
48 (11) mm (range 35-65 mm) and 36 (7)% 
(range 25-46%). There were no significant 
differences in valve size, patient’s age, left 
ventricular diameter, shortening fraction or 
time elapsed since implantation of the pros- 
thesis between the two groups. Two patients in 
each group had mild aortic regurgitation detec- 


Table 1 Data on patients with mechanical prostheses 
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ted by Doppler sonography. Tables 1 and 2 
show the values of pressure gradient and pres- 
sure half time in patients with mechanical and 
bioprosthetic valves. 


HEART RATE AND PRESSURE GRADIENTS 

Two patients with mechanical and one with a 
bioprosthetic mitral valve were in chronic atrial 
fibrillation. During exercise the heart rate 
increased from 75 (9) at rest to 100 (10) beats 
per minute in patients with mechanical valves 
and from 84 (13) to 102 (14) beats per minute in 
patients with bioprostheses (95% CI of dif- 
ference, 15 to 34 and 5 to 30 respectively). The 
peak pressure gradient in patients with 
mechanical valves rose from 9 (2) to 16 (3) mm 
Hg: in patients with bioprostheses it increased 
from 14 (8) to 21 (9) mm Hg (95% CI of 
difference 5 to 8 and 3 to 12 respectively). In 
both groups the increase in heart rate and peak 
pressure gradient during exercise was statis- 
tically significant (p < 0-012). 


PRESSURE HALF TIME 

In patients with mechanical valves the pressure 
half time decreased from 106 (26) ms to 80 (25) 
ms and in patients with bioprostheses it fell 
from 124 (33) ms to 83 (27) ms (95% CI of 
difference 13 to 39 and 23 to 79 respectively). In 
both groups the difference in pressure half time 
between rest and exercise was significant 
(p < 0:012) but no difference was detected 
between the groups. However, when the pres- 
sure half time was expressed as a percentage of 
the RR interval (relative pressure half time) to 
correct for heart rate increase and shortening of 
the diastolic time interval, patients with 
mechanical prostheses showed no change in 
relative pressure half time (13 (4) % at rest and 
13 (5)% during exercise) in contrast to the 
patients with bioprostheses who had a sig- 
nificant (p = 0-025) decrease from 17 (3)% at 


Size (mm) dp rest (mm Hg) dp ex (mm Hg) th rest (ms) th ex (ms) t4% rest (%) the ex (%) 
25 12 22 110 90 16 14 
27 8 12 138 138 17 28 
29 7 14 71 52 8 9 
27 1] 19 138 55 20 9 
24 8 15 124 92 17 15 
30 11 14 86 12 10 
30 7 13 148 115 15 17 
29 7 13 92 Il II 
29 10 21 100 77 11 12 
27 9 14 113 85 16 13 
27 13 19 79 74 9 14 
25 9 18 75 62 9 9 


dp, pressure gradient; ex, exercise; OC, Omnicarbon valve; SE, Starr-Edward; SJM, St Jude mechanical; t}, pressure half time; t}%, relative pressure half time as 
a percentage of RR interval. 


Table 2 Data on patients with bioprostheses 


i 
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Type* 


Size (rm) dp rest (mm Hg) dp ex (mm He) th rest (ms) th ex (rs) 14% rest (96) t+ ex (%) 
25 14 21 175 87 18 l4 
24 7 13 129 62 19 10 
25 1 32 130 47 18 9 
27 12 14 105 92 15 15 
29 8 15 8 67 12 11 
25 21 24 157 129 20 16 
27 29 36 138 50 19 10 
29 9 16 85 59 16 l1 


*AIl Ionescu-Shiley bioprostheses. See footnote to table 1 for abbreviations. 
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Figure 1 Relation 


Figure 2 Relation 
between pressure half time 
and heart rate in patients 
with bioprosthetic mitral 
valves at rest and during 
exercise {paired points for 
each patient are connected 
untth line). 


8B 
Rn 


Pressure half time (ms) 
& 


5 
NG 


40 60 80 100 120 140 
Heart rate (beats/min) 


30 


60 


§ 


Pressure half time (ms) 
S 


z 


40 80 80 100 120 140 
Heart rate (beats/min) 


rest to 12 (3)% during exercise (95% CI of 
difference, 2 to 8%). Figure 1 shows the relation 
between the pressure half time and the rate for 
mechanical prostheses and fig 2 shows the 
relation for bioprostheses). 


Discussion 

Mitral prostheses are slightly stenotic at rest.’ *° 
Exercise testing during cardiac catheterisation 
is commonly used to assess the physiological 
relevance of stenosis of the native mitral valve. 
When exercise Doppler echocardiography was 
used in patients with mechanical mitral valve 
prostheses a significant increase of peak and 
mean pressure gradients was seen.’ However, 
the behaviour of the pressure half time in 
mechanical and bioprosthetic valves during 
exercise has not been compared and the poten- 
tial influence of the increase of heart rate during 
exercise has not been taken into account. 


INFLUENCE OF EXERCISE ON PRESSURE GRADIENTS 
In our patients with bioprosthetic or mechani- 
cal mitral valve prostheses moderate exercise 
significantly increased peak pressure gradients 
by about 70%. Despite their different designs, 
during exercise the peak pressure gradients of 
mechanical and bioprosthetic valves increased 
to the same extent. This finding accords with 


Weiss, Hoffmann, Burckhardt 


the results from Reisner et al! and resembles 
the in vitro and in vivo data reviewed by 
Rashtian et al.’ © 


INFLUENCE OF EXERCISE ON PRESSURE HALF TIME 
Cardiac output can influence pressure half time 
at rest in patients with mechanical mitral 
prostheses.’ However, the assumed increase in 
cardiac output during exercise did not lead to 
an increase in the calculated mitral valve area in 
the patients investigated by Reisner et al! and 
the relative pressure half time’ in our patients 
with mechanical mitral prostheses remained 
unchanged during exercise. Thus cardiac out- 
put may be a factor of minor importance in 
influencing pressure half time at higher heart 
rates in patients with prosthetic mitral valves. 

Several other factors, such as the loading 
conditions of the ventricles, compliance of the 
atria and ventricles, as well as the diastolic time 
interval influence atrial emptying and thus 
pressure half time.’*"' Of these only the dias- 
tolic time interval is easily measured. A linear 
relation beteen the RR interval and the dia- 
stolic time interval was confirmed recently.* We 
therefore attempted to correct for the decrease 
in diastolic time interval by calculating a 
relative pressure half time as a percentage of the 
RR interval. The analysis of the changes in the 
pressure half time induced by exercise in our 
patients showed a significant decrease of about 
30% in both groups. However, when the 
relative pressure half time was calculated a 
different pattern was found: in patients with 
mechanical mitral prostheses there were no 
significant changes during exercise but in 
patients with bioprostheses there was a sig- 
nificant (p = 0-025) decrease of 27%. This 
shows that the pressure half time was shortened 
more than that of the RR interval during 
exercise in patients with bioprostheses. The 
lack of changes in the relative pressure half time 
during exercise in patients with mechanical 
mitral valves accords with data generated by 
cineradiograhic methods and with in vitro 
data'*"* which showed an unchanged fully open 
valve at rest and during exercise in these 
prostheses. This contrasts with invasive studies 
based on the Gorlin formula that repeatedly 
showed an increase in the valve area of 
mechanical mitral prostheses during exercise.” 
Conversely, high speed photography and video 
analysis of bioprosthetic valves showed a flow 
dependent increase of their opening area over a 
physiological flow range in vitro.” This 
increase in functional opening area of mitral 
bioprostheses with higher flow rates accords 
well with our finding of a decrease in relative 
pressure half time during exercise in patients 
with bioprostheses. 


LIMITATIONS OF THE STUDY 

Technical aspects 

The Doppler echocardiography of patients 
during or after exercise is technically demand- 
ing. Respiration and high heart rates make it 
difficult to record and interpret. We tried to 
avoid these problems by using moderate exer- 
cise that produced a mean increase in heart rate 
of 28%. In all our patients the E wave was 


Doppler sonographic evaluation of mechanical and bioprosthetic mitral valve prostheses during exercise 


sufficiently well delineated to allow the analysis 
of pressure half time during or immediately 
after exercise in at least 3-5 heart beats. The 
nature of this study made it difficult to assess 
inter and intra observer errors without repeat- 
ing the exercise test on a different day; and 
variation over time would have added an error 
of unknown magnitude. However, we believe 
that the examination of all patients by the same 
two investigators together will have distributed 
any methodological variablity equally in -both 
groups and will have enabled us to draw valid 
conclusions about differences between the 


groups. 


DIASTOLIC TIME INTERVAL AND PRESSURE HALF 
TIME 

Although the pressure half time seems to be 
related to the diastolic filling period, in a 
previous study, the relation was weak’ explain- 
ing only 19% of its variablity. In our patients 
we did not directly measure the diastolic time 
interval: we replaced it with the RR interval 
because of the evidence of a linear relation 
betwen these two variables.* Both of these 
limitations preclude our drawing any firm con- 
clusions about the mechanisms of the different 
behaviour of the relative pressure half time in 
the two patient groups. Nevertheless, in 
bioprostheses, a flow dependent mitral valve 
area, as seen in vitro, would be a possible and 
plausible explanation. 


CONCLUSIONS 

In patients with mechanical or bioprosthetic 
mitral valve prostheses peak pressure gradients 
increased considerably during moderate exer- 
cise. The pressure half time shortened sig- 
nificantly in both groups, but when the pressure 
half time was calculated as a percentage of the 
RR interval only the bioprosthetic valve group 
showed a decrease. Therefore in patients with 
mechanical mitral valves most of the decrease 
of the pressure half time during exercise is 
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probably the result of a shortening of the 
diastolic time interval with increasing heart 
rates whereas in patients with bioprosthetic 
valves a true increase in functional valve area 
may conribute to the shortening of the pressure 
half time during exercise. 
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Exercise capacity after complete repair of 
tetralogy of Fallot: deleterious effects of residual 


pulmonary regurgitation 


Julene S Carvalho, Elliot A Shinebourne, Carolyn Busst, Michael L Rigby, 


Andrew N Redington 


Abstract 
Objectitve—To determine the effects of 
residual pulmonary regurgitation on 
exercise tolerance after complete repair 
of tetralogy of Fallot. 
Design—Prospective study of symp- 
tom free patients more than five years 
after complete repair. Graded exercise 
performance was measured with stan- 
dard Bruce protocol. Maximal oxygen 
uptake and ventilatory anaerobic 
threshold were measured by respiratory 
mass spectrometry. Measurement of 
pulmonary regurgitant fraction was 
from pressure-volume loops constructed 
from measurements of right ventricular 
volume obtained from biplane angio- 
grams and simultaneous pressures 
measured with a micromanometer. 
Setting-—Tertiary referral centre. 
Patients—16 patients were studied. 
Two patients had been excluded because 
of residual cardiac lesions or inadequate 
data from cardiac catheterisation. Four 
were later excluded because they failed 
to reach a respiratory quotient of >1:0 
during graded exercise. 
Results—There was a_ significant 
negative correlation between the degree 
of residual regurgitation and both total 
duration of exercise and maximal heart 
rate achieved. Maximal heart rate and 
total duration of exercise were signifi- 
cantly lower in the patients than in 
normal controls. Patients with an 
abnormal maximal oxygen uptake (less 
than 85% of the predicted normal value) 
had significantly greater residual 
pulmonary regurgitation than those in 
whom oxygen uptake was normal. 
Conclusions—Impaired exercise capa- 
city after complete repair of tetralogy: of 
Fallot is directly related to the degree. of 
residual pulmonary regurgitation. These 
data should be taken into account when 
deciding the optimal timing and nature 
of corrective surgery. 


To achieve complete relief of obstruction of 
the right ventricular outflow tract after repair 
of tetralogy of Fallot a pulmonary valvotomy, 
insertion of an outflow tract patch, or a 
transannular patch may be required.’ 

Consequently, pulmonary regurgitation is 


present in most patients after corrective 
surgery, although it is difficult to quantify. 

The importance of chronic pulmonary re- 
gurgitation in the long term is not established. 
Previous studies, in which chronic pulmonary 
regurgitation was assessed qualitatively, 
suggested that impaired right ventricular 
function may be related to the degree of 
pulmonary regurgitation.** In another study 
right ventricular volumes were increased and 
the ejection fraction decreased in patients 
with a residual ventricular septal defect or 
pulmonary regurgitation, or both.‘ Several 
studies have shown impaired exercise ability 
after complete repair.” Wessel et al found a 
relation between the degree of impairment of 
exercise and the heart size on chest radio- 
graphy, which led them to speculate that 
residual pulmonary incompetence may be 
related to exercise ability after operation.” 

We recently described a new method of 
measuring the amount of pulmonary 
regurgitation by analysing right ventricular 
pressure-volume loops.® In our study there 
was a linear relation between the pulmonary 
regurgitant volume and right ventricular end 
diastolic and end systolic volumes. No such 
relation could be shown, however, between 
regurgitant vohime and the right ventricular 
ejection fraction. 

In the present study we used this technique 
to examine the possible influence of pulmon- 
ary regurgitation on patients’ exercise ability 
after complete repair. 


Patients and methods 

PATIENTS 

The initial study group comprised 18 patients. 
In two patients data from .cardiac catheterisa- 
tion were unsatisfactory (residual ventricular 
septal defect (VSD) in one,-unsuitable data for 
analysis in one), and a further four patients 
failed to achieve a respiratory quotient > 1-0 
during graded exercise testing (see below). 
These six patients were not inchided in the 
analysis. 

Satisfactory- data from cardiac catheterisa- 
tion and exercise were therefore obtained for 12 
patients. The table shows the anthropometric 
data and details of previous surgery for each of 
the patients. Their median age at the time of 
corrective surgery was 2:7 (range 0-5—7-7) years 
with a median follow up of 8-7 (range 5-4—12-7) 
years. All the patients were well and leading 


Exercise capacity after complete repair of tetralogy of Fallot: deleterious effects of residual pulmonary regurgitation 


Demographic, follow up, and exercise data 
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Age at = past 
ation RVEF 

Patient ~ on ) ean) ts mm om te) (%)} 

1 140 77 15 48 

2 12-4 27 0 66 

3 8-7 1-3 10 57 

4 14:2 2-7 3 61 

5 8-4 1-7 47 56 

6 13-6 1:7 20 57 

7 7T-5 - 09` 15 47 

8 13-4 3-2 20 48 

9 14-4 1-7 18 50 
10° 8-0 28 22 63 
11 14:4 55 10 64 
12 10-8 0-5 5 44 


Max 
PR Minutes Vo 
(%) run (mljikgjmin) Surgery 
27 10 34:2 TAP 
20 19 55-7 OTP 
5 15 61:1 TAP 
0 16:5 55-0 TAP 
23 14 567 TAP 
58 Il 35°5 TAP 
30 13:5 448 PY 
48 12 45:2 TAP 
45 ll 55-4 TAP 
50 10 40-8 TAP 
0 13 44-0 PV 
"39 l4 “48-0 TAP 





RVOT, right ventricular outflow tract; RVEF, ri 
oxygen uptake; TAP, transannuler patch; OTP, ou 


normal lives with no overt: symptoms of 
reduced exercise tolerance. Cardiac catheter- 
isation and exercise testing were performed 


according to a protocol agreed by Brompton ` 


Hospital’s ethical committee, and informed 
written consent was obtained from the parents 
of all the patients.. Exercise- data from the 
patients were compared with data obtained 
from 12 controls matched for age, sex, and 
height. 


METHODS 


Each patient performed «graded maximal’ 


exercise, using the progressive treadmill test 
described by Bruce et al’? All studies were 
performed at least one hour after a normal 
breakfast. A 12 lead electrocardiogram and 
results of ear oximetry were recorded: con- 
tinuously, and fractional concentrations of all 
expired gases were measured by respiratory 
mass spectrometry. Carbon dioxide produc- 
tion, oxygen consumption (VO,), and minute 
ventilation were calculated.every 30 seconds 
with a method described previously.” The 
ventilatory anaerobic threshold was calculated 
fromca plot of minute ventilation against Vo,."' 
This threshold was defined as the point at which 
the rate of increase in minute ventilation v Vo, 
diverged from a regression line derived from 
-data points during the first half of the exercise 
test. All measurements were made until the end 
of the study. Patients were encouraged to 
exercise to their limit. Each control underwent 
a similar protocol. Patients and controls in 
whom the respiratory quotient at maximal 
exercise failed to exceed 1:0 were excluded 





t ventricular ejection fraction; PR, pulmonary regurgitant fraction; Vo,, 
ow tract patch; PV, pulmonary valvotomy. 


because inadequate effort may have limited 
their performance. 

Cardiac catheterisation was undertaken 
within 24 hours of the exercise test. All studies 
were performed under general anaesthesia. 
Routine haemodynamic measurements were 


.made before angiography. Calibrated biplane 


right ventriculograms were obtained in 30° 
right anterior oblique and 60° left anterior 
oblique projections. Each angiogram was 
digitised frame by frame throughout a selected 
cardiac cycle. Extrasystoles, immediate post- 
extrasystoles, and complexes occurring during 
the injection of contrast were not analysed. 
Right ventricular volume was calculated with 
our multiple slice method.” Right ventricular 


ejection fraction was calculated in the usual 


way, and peak rates of right ventricular filling 
and emptying were normalised by dividing by 
the end diastolic volume. 

Simultaneous measurements of intraventri- 
cular pressure were taken during ventriculo- 
graphy and recorded at a paper speed of 
100 cm/s. The waveform corresponding to the 
cycle selected from the angiogram was digitised 
by the same equipment and'a pressure-volume 
loop constructed. The pulmonary regurgitant 
fraction was calculated from these loops by a 
method described in detail elsewhere.® Briefly, 
the method allows the pulmonary regurgitation 
occurring during right ventricular isovolumic 
relaxation to be measured as the increase in 
right ventricular volume from the point of end 
systole until opening of the tricuspid valve 
(fig 1). This may be expressed as an absolute 
volume or as a fraction. of the total right 
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Figure 1 Pb asst iit T els Coie d densa The amount of pulmonary regurgitation occurring during 


isovolumic relaxation is measured from the point 


of minimum cavity volume to the 


t when the valve opens 


~(marked with arrows). Ths sito PILE PEB YEV EA ponies deployed Giles the loops and is of 


increasing severity tn these patients. 
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ventricular stroke volume. Because of concerns 
about the precision of the calibration process in 
two of the patients we have chosen to analyse 
the data only in terms of relative volumes; this 
does not influence the validity of the data. 


STATISTICAL ANALYSIS 

Group data were expressed as mean (1 SD). 
Group data were compared with Student’s t 
test or the Mann-Whitney U test. The relations 
between pulmonary regurgitation and indices 
of exercise function were examined with a 
Kendall rank correlation test. The null 
hypothesis was rejected when p < 0-05. 


Results 

EXERCISE FUNCTION: COMPARISON WITH 
NORMAL 

All patients and controls included in the 
analysis, developed a respiratory quotient > 1 
at maximal exercise. No differences in 
respiratory quotient, age, height, or body 
surface area were found between the two 
groups. 

The total duration of exercise was significan- 
tly lower in the patients (13-4 (2-7) v 18-4 (3-2) 
min, p = 0-0004). Maximal heart rate was also 
lower (180 (17) v 197 (6) beats/min, p < 0-01), 
as was maximal oxygen uptake (48 (8-8) v 52 
(7-1) ml/kg/min), although this failed to reach 
significance. Five patients but only one control 
failed to reach 85% of the predicted value for 
maximal Vo, suggesting an abnormal response 
in these subjects. Ventilatory anaerobic 
threshold tended to be lower in the patients 
(36-9 (4-6) v 39-5 (4-7) mi oxygen kg/min), but 
this difference also failed to reach significance. 


PRESSURE-VOLUME RELATION 

None of the patients included in the analysis 
had appreciable tricuspid regurgitation or 
residual ventricular septal defect. 

The right ventricular end diastolic pressure 
ranged from 2 to 13 mmHg (median 
6 mm Hg), and only one patient had a pressure 
gradient across the right ventricular outflow 
tract of more than 22 mm Hg (table). Analysis 
of the pressure-volume loops showed that the 
right ventricular ejection fraction ranged from 
44% to 63% (median 57%). Considerable 
pulmonary regurgitation was present in all but 
two of the patients, ranging from 0% to 58% of 
the total stroke volume. There was a significant 
relation between the degree of pulmonary 
regurgitation and the gradient across the out- 
flow tract (r = 0-49, p = 0-025), reflecting this 
increased stroke volume. There was no 
significant relation between the pulmonary 
regurgitant fraction and right ventricular end 
diastolic pressure, ejection fraction, or normal- 
ised peak rate of ventricular filling or emptying. 


EXERCISE FUNCTION AND PULMONARY 
REGURGITATION 

There was a significant relation between the 
degree of pulmonary regurgitation and both 
duration of exercise (r = —0-43, p < 0-05) 
and maximum heart rate (r = —0-46, 
p < 0-05). A similar relation was found 
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between the pressure gradient across the right 
ventricular outflow tract and total duration of 
exercise (r= —0-55, p = 0-012), which 
almost certainly reflected the relation between 
pulmonary regurgitation and gradient (see 
above) rather than being directly linked to the 
modest residual obstruction in most of the 
patients. 

There was no significant relation between the 
regurgitant fraction and either maximal oxygen 
uptake or ventilatory anaerobic threshold. 
Figure 2 shows that in the five patients in whom 
the Vo, was less than 85% of the predicted 
normal value the pulmonary regurgitant frac- 
ton was significantly higher than that in the 
remainder of the group (43 (13) v 19 (18), 
p < 0-03). 


Discussion 

This study shows a clear relation between the 
degree of residual pulmonary regurgitation and 
reduced exercise tolerance in patients after 
complete repair of tetralogy of Fallot. 

Our data confirm the findings of previous 
studies and show that, when compared with 
normal subjects, these patients have a reduced 
maximal exercise tolerance.*’ The reason for 
this has, to date, remained unclear. Right 
ventricular enlargement and a reduced ejection 
fraction have been shown in several studies? * 
but these variables in themselves do not seem to 
be related to exercise ability. The link between 
exercise ability and pulmonary regurgitation 
has not previously been examined in detail. 
This is because of the difficulty in measuring 
accurately the amount of regurgitation present 
in individual patients. 


Regurgitant fraction (%) 





Voz < 85% Voz = 85% 
predicted predicted 


Figure2 Scattergram showing the relation between 
pulmonary regurgitant fraction and maximum oxygen 
uptake (Vo;). 


Exercise capacity after complete repair of tetralogy of Fallot: deleterious effects of residual pulmonary regurgitation 


We recently described a new method of 
assessing pulmonary regurgitation from 
analysing right ventricular pressure-volume 
loops.® Our data showed that increased right 
ventricular volumes, but not ejection fraction, 
were linearly related to the degree of residual 
regurgitation. Wessel et afs data are interesting 
in this regard.” They showed that reduced 
exercise capacity in patients after operation 
could be related to the heart size measured from 
the chest radiograph. They speculated that this 
may in turn reflect the degree of pulmonary 
regurgitation present and suggested a possible 
link between residual pulmonary regurgitation 
and intolerance to exercise in these patients. 
Our results confirm that this is indeed the case. 
Pulmonary regurgitation had a deleterious 
effect on exercise capacity in our patients, whom 
we studied at least five years after complete 
correction. The reduction in total duration of 
exercise and maximum heart rate were both 
directly related to the degree of regurgitation. 
In the subgroup of patients with an abnormal 
maximal oxygen uptake, pulmonary regurgita- 
tion was significantly greater than that in the 
patients in whom maximal oxygen uptake was 
normal." 

These results have obvious clinical implica- 
tions. Residual pulmonary regurgitation is 
clearly undesirable, and efforts to reduce it may 
benefit patients, exercise ability in the long- 
term after complete repair. Whereas our data 
Suggest a similar relation between residual 
obstruction of the right ventricular outflow 
tract and exercise capacity, the residual 
gradient was less than 25 mm Hgin 11 of the 12 
patients. These modest gradients are almost 
certainly directly related to the degree of 
pulmonary regurgitation with its consequent 
increase in stroke volume rather than repre- 
senting haemodynamically important obstruc- 
tion. Indeed, there was no relation between 
more severe obstruction and exercise ability in 
the patients studied by Wessel et al." 

‘These data may influence surgical decision 
making. Some residual obstruction of the right 
ventricular outflow tract may be more desirable 
than complete relief of obstruction at the 
expense of increased pulmonary regurgitation. 
The potentially harmful effects of a high right 
ventricular to left ventricular pressure ratio 
soon after operation cannot, however, be 
ignored.” An alternative approach is to place a 
homograft monocusp in the right ventricular 
outflow tract. Although this technique probably 
reduces early regurgitation, the function of 
these valves in the longer term is unknown. Our 
department is currently investigating this. 

Frequently a transannular patch will be 
required to ensure adequate relief of obstruc- 
tion of the right ventricular outflow tract in 
patients with tetralogy of Fallot. Ifa monocusp 
valve is not inserted there may well be free 


473 


pulmonary regurgitation. This must be taken 
into account when considering the trend 
towards earlier, usually primary, complete 
repair during infancy. The frequency of apply- 
ing transannular patches is undoubtedly higher 
in young infants'* and though there may be 
theoretical advantages to earlier surgery, the 
documented adverse effects of chronic pulmon- 
ary regurgitation on both exercise performance 
and the incidence of late arrythmias cannot be 
disregarded.’ Although we followed up our 
patients for five to 12 years after operation, 
the potential effects of chronic pulmonary 
regurgitation in the longer term need to be 
examined. These patients will require careful 
extended follow up. 

In summary, we have shown a direct relation 
between the degree of pulmonary regurgitation 
and impaired exercise ability in patients after 
repair of tetralogy of Fallot. This must be taken 
into account when deciding the optimal timing 
and nature of corrective surgery. 


We thank Dr J Bowyer for providing the control data and the 
members of the Brompton Hospital lung function unit for their 
help with the exercise studies. 
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Effects of vasoactive neuropeptides on human 


saphenous vein 


Thin N Luu, Adrian H Chester, Gregory S O’Neil, Samad Tadjkarimi, Magdi H Yacoub 


Abstract 
Objecttve—-To assess the role of 
neuropeptides in the control of vascular 
tone in the human saphenous vein the 
actions of substance P, vasoactive intes- 
tinal peptide, calcitonin gene related 
peptide, neuropeptide Y, and somatos- 
tatin on this blood vessel were examined. 
Methods—In vitro organ bath tech- 
niques were used with preparations of 
saphenous veins obtained from 29 
patients (aged 41-66) who were under- 
going coronary bypass surgery. 
Results—Substance P, vasoactive 
intestinal peptide, and calcitonin gene 
related peptide -relaxed pre-constricted 
vessels in a dose dependent manner with 
a rapid onset of action, taking one to two 
minutes to reach a plateau at each dose. 
Substance P (10° to 10° mol/l) induced 
relaxation with a maximum response 
(mean (SEM)) 23:0 (6°6)% of the total 
relaxation induced by glyceryl trinitrate 
1 pg/ml and a 50% maximal effective con- 
centration of 6'8 x 10° mol/l. Vasoactive 
intestinal peptide (10°° to 10” mol/l) 
produced a relaxation of 27:0 (5:1)% at 
10” mol/l. The maximum responses 
induced by substance P and vasoactive 
intestinal peptide were significantly. 
reduced, to 3°7 (2°8)% and 4°7 (2:0)% res- 
pectively, after removal of the endothe- 
lium. Calcitonin gene related peptide 
(10° to 107 mol/l) elicited only 143 
(2°6)% relaxation at 10” mol/l, and this 
was not affected by removal of the 
endothelium. By contrast, neuropeptide 
Y and somatostatin exerted concentra- 
tion dependent constriction on resting 
vessels. Neuropeptide Y (10°° to 10° 
mol/l) caused prolonged contraction 
(roughly 20 minutes to reach a maxi- 
mum plateau at each dose). At 10” mol/l; 
the constriction amounted to 280 
(12°0)% of the response to 90 mM KCI, in 
ring segments with or without endothe- 
lium. Somatostatin (10° to 10° molji) 
quickly caused contraction with a 
maximum response of 42°7 (15:0)% and a 
50% maximal effective concentration of 
67 x 10° mol/l. The constriction was 
greatly increased when endothelium was 
removed, with a maximum response of 
78:2 (16°8)% and a 50% maximal effective 
concentration of 4-3 x 107 mol/I. 
Conclusions—Vasoactive peptides 
have diverse effects on the vascular tone 
of the human saphenous vein. Some of 


these effects are endothelium dependent. 
The exact physiological role and impli- 
cation for performance of bypass grafts 
require further investigation. 


The control of vascular smooth muscle tone 
may partly be mediated by peptidergic 
mechanisms. Neuropeptides are ubiquitously 
distributed in human blood vessels, con- 
tributing to vasodilatation (through endothe- 
lium dependent or direct action on smooth 
muscle) and vasoconstriction.?* The endothe- 
lium has an important role in controlling vas- 
cular tone through the secretion of relaxing 
and contracting factors derived from the 
endothelium.*® Several peptides induce sig- 
nificant vasomotor effects in human blood ves- 
sels through endothelium dependent and 
endothelium independent mechanisms.’ 7° 

The human saphenous vein is of particular 
interest as it is the vessel most commonly used 
for aortocoronary artery bypass grafting.’ 
Understanding the mechanisms that control 
vascular tone in this vessel will help the 
understanding of how the saphenous vein 
behaves as a bypass graft. We therefore 
examined the effects of five endogenously 
occurring peptides on -isolated human saph- 
enous veins. 


Methods 
The study was performed on 111 ring seg- 
ments taken from 29 patients (aged 41-66) 
undergoing coronary artery bypass surgery. 
Human saphenous veins were placed imme- 
diately in modified Tyrode’s solution com- 
posed of 136-8 mM NaCl, 11-9 mM Na 
HCO,, 2-6 mM KCl, 0:4 mM NaH,PQ,, 2-5 
mM MgCl, 25 mM CaCL, 11:1 mM 
glucose, and 0:04 mM disodtum EDTA. The 
veins were dissected free of adherent tissues 
and cut into ring segments 3-5 mm long, 
which were mounted on two L shaped metal 
hooks in 5 ml organ baths within one hour. 
The organ bath solution was maintained at 
37°C and gassed continuously with a mixture 
of 95% oxygen and 5% carbon dioxide. One 
hook was fixed and the other attached to a 
force displacement transducer (Grass FTO- 
3C). The transducer was connected to a 
polygraph (Grass 79D) which monitored 
isometric changes in the tension of the vessel 
wall. 

After an initial pre-tension of 60 mN was 
applied to each vessel the segments were al- 
lowed to relax out to a stable baseline. They 
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Figure 1 Relaxant effect 
(measured as percentage of 


that induced by glyceryl 
trinitrate 1 ug/ml) of 


increasing 

substance P (A,n=7), 

vasoactive intes 

peptide (B, n=4), and 

itonin gene related 

pede (C,n=6) on the 
saphenous vein in 

the presence (O.).and 


absence (@ ) af 
endothelium. 
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were then challenged twice with 90 mM KCI 
to assess the: viability of each vessel segment. 
When the-maximum response to each dose of 
KCl had been measured the buffer solution 
was changed twice and the vessels allowed to 


. return to their resting tension. 


Dose-response curves were determined for 
several different peptides. Each peptide was 
added to the bath cumuldtively in log, units 
until the maximum response of each vessel-to 
each. dose of drug had been reached. Each 
sepment was tested with only a.single peptide. 
Some ring segments were pre-constricted 
with the thromboxane mimetic U46619 to 
achieve’ a‘tension of 60-70% of the contrac- 
tion. seen -with KCl before peptides’ were 
added. 

-To -assess . the. endothelium dependent 
action of peptides some:vessel segments were 
denuded by gently rubbing the‘intimal surface 
with a metal spatula. These segments showed 
absence of endothelium when examined his- 
tologically’ with the specific. endothelium 
marker EN4. 

All drugs used (substance P, calcitonin gene 
related peptide, neuropeptide Y, and.somato- 
statin: (Sigma) and vasoactive intestinal 
peptide (Peninsula)) were reconstituted in 
distilled water and stored at — 20°C. Aliquots 
were diluted in modified’ Tyrode’s solution 
immediatély before use. 
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The contractile effect was expressed as the 
percentage of the maximum contraction 
induced by 90 mM KCl, and the relaxation 
response was calculated as the percentage of 
the response induced by glyceryl trinitrate 
(1 ug/ml. Data are given as means (SEM). In 
all experiments n is the number of patients 
from whom the blood vessels were taken and 
at least six segments were taken from each 
patient. The unpaired Students £t test was 
used for statistical analysis, and p <0-05 
indicates a statistical difference. 


Results 

Initial studies showed that cumulative addition 
of substance P, vasoactive intestinal peptide, 
and calcitonin gene related peptide had no effect 
on resting vessels. Pre-constricted segments, 
however, relaxed to these peptides in a dose 
dependent manner, with a rank order of max- 
imum relaxation: substance P = vasoactive 
intestinal peptide > calcitonin gene related 
peptide. They all quickly induced relaxation, 
which lasted 1~2 minutes for each dose. Sub- 
stance P (10° to 10° mol/l) produced relaxation 
with a maximum response of 23-0 (6:6)% and a 
50% maximal effective concentration of 6-8 x 
10° mol/l (fig 1A). Vasoactive intestinal peptide 
(10° to 107 mol/l) induced relaxation up to 
27-0 (5:1)% at the highest dose used (fig 1B). 
The maximal vasodilatations achieved by sub- 
stance P and vasoactive intestinal peptide were 
significantly attenuated to 3-7 (2-8)% and 47 
(2°0)% respectively after removal of the endo- 
thelium (p < 0-01). Calcitonin gene related 
peptide (10° to 107 mol/l) caused only 14:3 
(2:6)% relaxation at 10 mol/l, and this was not 
affected by removal of endothelium (fig 1C). 
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Figure 2. Contractile effect (measured as percentage of 
maximum concentration induced by 90 mM KCl) of 
neuropeptide Y (A,n=6) and somatostatin (B,n=6) 
on the human saphenous vein in the presence (OQ) and 
absence (@ ) of endothelium. 
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Glyceryl trinitrate (1 ug/ml) relaxed pre- 
constricted blood vessels back to their resting 
tension but no further. This suggests that 
glyceryl trinitrate does not reduce resting 
tension. 

Neuropeptide Y and somatostatin caused 
further constriction of pre-constricted vessels. 
Cumulative administration of these peptides 
resulted in contraction of resting vessels that 
depended on the concentration. Neuropeptide 
Y (10° to 10” mol/l) induced prolonged con- 
traction (roughly 20 minutes for each dose to 
reach its maximum plateau), amounting to 28-0 
(12-0)% at 107” mol/l, and this effect was un- 
altered by removing the endothelium (fig 2A). 
Somatostatin (10° to 10° mol/l) quickly 
elicited contraction, each dose taking roughly 
two minutes to reach its maximum effect. 
Somatostatin had a maximum response of 42-6 
(15)% and a 50% maximal effective concentra- 
tion of 6:7 x 10° mol/l. This constriction was 
significantly increased when the endothelium 
was removed, the response being 78-2 (16-8)% 
and the 50% maximal effective concentration 
4-3 x 10” mol/l (p < 0-01; fig 2B). 


Discussion 

Peptidergic mechanisms have been implicated 
in controlling vascular smooth muscle tone.” " 
The neuropeptides used in our study (sub- 
stance P, vasoactive intestinal peptide, cal- 
citonin gene related peptide, neuropeptide Y, 
and somatostatin) are widely distributed in the 
body and have vasoactive effects on several 
human vascular beds.’ *” We have shown that 
substance P, vasoactive intestinal peptide, and 
calcitonin gene related peptide are weak 
vasodilators whereas neuropeptide Y and 
somatostatin elicit constriction in human 
saphenous vein.” 

The mode of action of substance P has been 
studied in the human coronary and gastro- 
epiploic arteries." It induces vasodilatation 
by interacting with the endothelium to release 
nitric oxide, which has recently been identified 
as the substance responsible for the action of 
endothelium derived relaxing factor.’© In our 
studies substance P produced only weak endo- 
thelium dependent relaxation, which could be 
due to a differential density of receptors on the 
vein compared with other human vascular 
tissues or the low release of nitric oxide in 
saphenous veins as previously reported." 

Vasoactive intestinal peptide is a 28 amino 
acid peptide originally isolated from porcine 
intestine, and subsequently found in the 
central nervous system and in peripheral 
nerves supplying many organs.” Its main 
physiological role has been postulated to be 
that of a local neurotransmitter.” It produces 
endothelium dependent dilatation of the rat 
aorta,” * rabbit mesenteric artery,” and human 
coeliac artery.” By contrast, endothelium 
independent relaxation due to vasoactive 
intestinal peptide has been seen in cat cerebral 
arteries,” dog coronary arteries,” and human 
pulmonary arteries.” Our study showed 
endothelium dependent relaxation of isolated 
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human saphenous vein in response to vaso- 
active intestinal peptide. 

Calcitonin gene related peptide elicits only 
weak relaxation in the saphenous vein, 
apparently through a direct action on the 
vascular smooth muscle. This peptide is 
claimed to be the most potent endogenous 
vasodilator in human blood vessels.7” It 
causes both endothelium dependent and endo- 
thelium independent relaxation.’** Minor 
dilatation caused by calcitonin gene related 
peptide in the saphenous vein might be due to 
the absence of the endothelium-dependent 
relaxation mechanism.’*! 

Neuropeptide Y is a 36 amino acid peptide 
that is found with noradrenaline in sympathetic 
neurones.” It has a direct vasoconstrictive 
action and may influence the action of nor- 
adrenaline as well as other transmitters in the 
control of vascular tone in many blood ves- 
sels.” Compared with other reported 
vasoconstrictors, neuropeptide Y and somato- 
statin induce only moderate contraction in the 
saphenous vein.” Furthermore, the constric- 
tion induced by somatostatin was greatly in- 
creased in the absence of endothelium, whereas 
that of neuropeptide Y was not affected. The 
difference between the responses to neuropep- 
tide Y and somatostatin after removal of the 
endothelium may be explained by lack of basal 
secretion of endothelium derived relaxing fac- 
tor by the saphenous vein” coupled with the 
ability of somatostatin but not neuropeptide Y 
to stimulate the release of the relaxing factor. 

The concentrations of peptide used in this 
study are comparable with those used in in 
vitro studies of human mesenteric arteries and 
veins.” We avoided using high concentrations 
to enable better comparison with the concen- 
trations of peptides circulating in the body to 
be made. Circulating concentrations of various 
peptides have been assayed in healthy patients: 
substance P and calcitonin gene related peptide 
concentrations have been measured at 1-2 (0:1) 
and 35:0 (4-0) pmol/l respectively,” and plasma 
vasoactive intestinal peptide concentration at 
0:5-21 pmol/l.” It is difficult, however, to 
predict the local concentrations of these pep- 
tides at their receptors. 

The sensitivity of the saphenous vein to these 
five neuropeptides differs from that of other 
human vascular tissues.?’ This further high- 
lights the heterogeneity of the response of 
human blood vessels to vasoactive compounds. 
A similar heterogeneity between human 
arteries and veins has been reported for both 
endothelial function and the action of vasocon- 
strictors.” *°*! This difference in response could 
have important physiological and pathological 
implications. 

Neuropeptides have been shown to be local- 
ised with neurotransmitters—for example, 
neuropeptide Y is stored with noradrenaline,” 
and acetylcholine and vasoactive intestinal 
peptide are present together in parasympath- 
etic nerves.” As the saphenous vein is supplied 
in situ with both sympathetic and parasympa- 
thetic nerves, neuropeptides may act as 
neuromodulators” and play an integral part in 
the neuronal control of vascular smooth muscle 
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tone before the vein is removed during surgery. 
Harvesting the saphenous vein for bypass graf- 
ting results in total denervation of the vessel. 
Hence the sensitivities of the endothelium and 
smooth muscle become the determinant factors 
in the action of neuropeptides when the vein is 
used as a bypass graft. 

Evidence is increasing that saphenous vein 
grafts cannot be regarded as rigid tubes with 
little tendency for vasomotion.* “ Their dyn- 
amic properties could modulate blood flow and 
hence affect myocardial perfusion. We have 
characterised the action of certain vasoactive 
peptides on the isolated human saphenous vein 
and their possible dependence on endothelium. 
More studies are required to determine the 
exact role of neuropeptides in controlling flow 
in the saphenous vein before and after its use as 
a bypass graft and their possible effects on long 
term patency. 


We thank the staff of the cardiac theatre at Harefield Hospital for 
their help in harvesting the vessels. 
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Regional blood flow in chronic heart failure: the 
reason for the lack of correlation between patients’ 
exercise tolerance and cardiac output? 


A F Muller, P Batin, 8 Evans, M Hawkins, A J Cowley 


Abstract 

Background—In patients with chronic 
heart failure there is no relation between 
cardiac output and symptom limited 
exercise tolerance measured on a bicycle 
or treadmill. Furthermore, the increase 
in cardiac output in response to treat- 
ment may not be matched by a similar 
increase in exercise tolerance. More 
important in determining exercise 
capability is blood flow to skeletal 
muscle. This implies that the reduction 
in skeletal muscle blood flow is not 
directly proportional to the reduction in 
cardiac output and that there are 
regional differences in blood flow in 
patients with heart failure. 

Methods—Cardiac output and 
regional blood flow measured in 30 
patients with chronic heart failure were 
compared with values obtained from 
10 healthy controls. Measurements 
were made at rest and in response to 
treadmill exercise and were all made 
non-invasively. 

Results—Cardiac output was lower in 
the patients at rest and during exercise. 
Blood flow in the superior mesenteric and 
renal arteries was also lower in the 
patients and represented a different 
proportion of cardiac output than in the 
controls. In response to exercise the 
increase in blood flow to the calf and 
therefore to skeletal muscle, was reduced 
in the patients. In the patients there was 
no correlation between resting cardiac 
output and blood flow in the superior 
mesenteric artery, renal artery, or calf. 

Conclustons—Because blood flow to 
skeletal muscle and to the kidneys is 
likely to be important in determining 
patients’ symptoms this factor may 
explain why central haemodynamic 
variables do not correlate with the 
exercise tolerance in patients with 
chronic heart failure. 


Peripheral vasoconstriction is well recognised 
in patients with chronic heart failure.’ Venous 
vasoconstriction helps to maintain cardiac 
output by the Starling mechanism, while 
arterial vasoconstriction helps to maintain 
blood pressure in the face of a reduced cardiac 
output. Total systemic vascular resistance is 


therefore increased but because this is a 
measure of the summation of changes in all 
vascular beds it provides no information about 
local differences in arterial tone or regional 
blood flow. 

One of the more interesting aspects of 
chronic heart failure is that the extent of 
cardiac dysfunction estimated from central 
haemodynamic variables bears no relation to 
the symptomatic impairment of patients asses- 
sed by treadmill exercise testing.? To explain 
this it has been suggested that the major cause 
of the limited exercise tolerance of patients is 
reduced blood flow to skeletal muscle.‘ 
Another vascular bed that is likely to be 
important in determining patients’ symptoms 
is that of the kidneys. Control of salt and 
water excretion, and therefore plasma volume 
and tissue oedema, is intimately linked to both 
the perfusion pressure and blood flow to the 
kidneys. 

If, as seems likely, the combination of car- 
diac output and arteriolar tone controls 
regional blood flow, knowledge of this would 
help in our understanding of heart failure and 
its response to treatment. The distribution of 
cardiac output has been described in healthy 
people and patients with heart failure.> These 
studies confirmed that there was a significant 
reduction in regional blood flow in the patients 
and the proposal was that this reduction in 
flow was in proportion to the reduction in 
cardiac output. However, the measurements 
were made with invasive techniques, which in 
themselves may alter haemodynamic vari- 
ables.’ This and the fact that the dye dilution 
measurements of regional blood flow cannot be 
readily repeated limit their usefulness in 
assessing patients’ response to treatment. The 
purpose of this study was to investigate with 
non-invasive techniques cardiac output and 
regional blood flow at rest and in response to 
exercise in patients with chronic heart failure 
and compare the results with values obtained 
in healthy controls. 


Patients and methods 

PATIENTS 

Thirty patients with chronic heart failure 
(New York Heart Association grade II-III) 
were studied. All had been in heart failure for 
at least six months. Their mean. (SEM) age 
was 67 (2) years and 27 were men. Heart 
failure was caused by ischaemic heart disease 
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in 23 patients, rheumatic heart disease with 
mitral regurgitation and impaired left ven- 
tricular function in four patients, and three 
patients had a dilated cardiomyopathy. All the 
patients were treated with at least 80 mg of 
frusemide daily and the mean dose was 
156 mg (range 80-750 mg). In addition seven 
of the patients were taking captopril in a dose 
of at least 25 mg three times daily. 

Ten volunteers with a mean (SEM) age of 
49 (4) years were studied as healthy controls. 
Eight were men. All denied symptoms of 
heart failure and none had clinical evidence of 
heart failure. All had normal resting and exer- 
cise 12 lead electrocardiograms. None was 
taking any cardiovascular medication. 


METHODS 

Both the patients and controls were fully 
familiarised with the techniques on at least 
two occasions before being studied. 
Measurements of cardiac output and regional 
blood flow were then made after an overnight 
fast and at least 30 minutes of supine rest in a 
temperature controlled laboratory (23-24°C), 
Measurements were also made during a sub- 
maximal treadmill exercise test: the speed and 
slope of the treadmill were increased after four 
minutes at each of the following stages: 


Stage 
I IW II 
Speed (km/h) 27 2:7 27 
Slope (°) 0 13 2:6 
Cardtac output 


Cardiac output was measured by the indirect 
Fick principle and respiratory gases were 
monitored with a mass spectrometer (VG 
Medicals). Carbon dioxide was the indicator. 
Carbon dioxide production was calculated 
from minute ventilation and mixed expired 
carbon dioxide concentration, the partial pres- 
sure of carbon dioxide in pulmonary venous 
(systemic arterial) blood was derived from end 
tidal carbon dioxide concentration, and the 
partial pressure in mixed venous blood was 
measured after a rebreathing manoeuvre. 
These three variables were used to solve the 
Fick equation. The method has been shown to 
correlate closely with cardiac output measured 
by thermodilution.® 

Cardiac output was measured with the 
patients sitting, standing, and at fixed submax-~ 
imal workloads during the treadmill exercise 
test, at the end of stages I, and (if the patients 
were capable) at the end of stage ITI. 


Blood flow in the supertor mesenteric and renal 
arteries 

Blood flows in the superior mesenteric 
artery’? and right renal artery’ were 
measured by transcutaneous Doppler ultra- 
sound with a 5 kHz curvilinear ultrasound 
probe or with a sector scanner with an offset 
2 kHz Doppler probe (Doptek). The vessels 
weré identified by ultrasound and the sample 
volume of the pulsed Doppler system was 
adjusted to the size of the vessel being 
interrogated. Doppler spectral analysis was 
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recorded onto a video tape with the subjects’ 
breath being held in mid-inspiration. Mean 
values of time averaged velocity were taken 
from at least 10 Doppler waveform com- 
plexes. For patients in atrial fibrillation, the 
time averaged velocity was calculated from a 
minimum of 25 Doppler waveform com- 
plexes. The vessel diameter was calculated as 
the mean of four values. Measurements and 
Doppler signals were made from the proximal 
portion of each vessel. Blood flow was cal- 
culated as ml/min’? 


(x x D? x TAV x 60) 
4 


where D is the vessel diameter and TAV the 
time averaged velocity. 


Calf blood flow 

Calf blood flow was measured by venous 
occlusion plethysmography with mercury in 
silastic strain gauges. ? Measurements were 
made with the patients resting and from three 
to 13 minutes after a second exercise test. The 
workload was identical for both patients and 
controls. 


Intraobserver variability 

Within subject variability for all of the varia- 
bles both in patients and controls was assessed 
by repeated measurements over the course of 
three weeks. All measurements were perfor- 
med by the same investigator (AFM). The 
mean coefficients of variability for resting 
values in the patients were 7-8% for cardiac 
output, 7-5% for calf blood flow, 10-1% for 
blood flow in the superior mesenteric artery 
and 10-8% for blood flow in the right renal 
artery. Corresponding values for the controls 
were between 6-5 and 9:5%. 


Statistical analysts 

Differences in cardiac output and blood flow in 
the superior mesenteric and renal arteries 
were analysed by the Wilcoxon signed rank 
test; changes in calf blood flow and exercise 
cardiac output by analysis of variance for 
repeated measures (ANOVA); and correla- 
tions between cardiac output and regional 
blood flow by Pearson’s moment correlation 
coefficient. 


Results 

CARDIAC OUTPUT 

Figure 1 shows the mean (SEM) values of 
cardiac output for the patients and controls. 
Measurements were made in all the patients 
while they were sitting and standing, in 17 
patients at the end of stage I of the exercise 
protocol, but in only eight patients at the end of 
stage III because the remainder were incapable 
of performing this amount of exercise. Sitting 
measurements were lower in the patients (3-3 
(0-1) I/min) than the controls (4-1 (0-4) 1/min) 
(p < 0-01). This difference became greater 
during exercise and the mean value at the end of 
stage I for the patients was 5-9 (0-4) 1/min 
compared with 7-7 (0-7) 1/min in the controls, 
while at the end of stage III it was 7-6 (0-4) 
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Figure 1 Mean (SEM) 
values of resting and 
exercise cardiac output tn 
the patients with heart 
failure and controls. 
Measurements bakit saa’ 
in all patients contro 
in the sitting and standing 
positions and tn 17 
patients at stage I and 
eight patients at stage IT]. 


output and blood flow in 
the supertor mesenteric 
artery tn the patients with 
heart failure. 


12 


10 Controls 


Patients 


Cardiac output (I/min) 





Sit Stand l [I 
Exercise stage 


l/min for the patients and 10-0 (1-1) l/min for 
the controls (p < 0:01). 


BLOOD FLOW IN THE SUPERIOR MESENTERIC 
ARTERY 

Mean (SEM) resting values of blood flow in the 
superior mesenteric artery were 332 (12) 
ml/min in the patients compared with 446 (40) 
ml/min in the controls (p < 0-02). In the 
patients this was 9:8% of cardiac output 
whereas in the controls it was 10-8% of cardiac 
output. Figure 2 shows the relation between 
resting blood flow in the superior mesenteric 
artery and resting cardiac output in the 
patients. The relation between the two vari- 
ables failed to reach significance (r = 0-27, 
p = 0-15). 


BLOOD FLOW IN THE RENAL ARTERY 

Satisfactory renal artery Doppler waveforms 
were obtained in only 15 of the patients. The 
mean (SEM) value of blood flow in the renal 
artery in the patients was 317 (26) ml/min 
compared with 452 (50) ml/min in the controls 
(p < 0-01). On the assumption that blood flow 
to both kidneys was the same, total renal blood 
flow represented 21:8% of cardiac output in the 
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Figure 3 Relation between resting cardiac output and 
blood flow in the right renal artery tn the 15 patients with 
heart failure in whom a satisfactory Doppler signal was 
obtained. 


controls whereas it was 18:6% in the patients. 
Figure 3 shows the lack of relation between 
renal artery blood flow and cardiac output in the 
patients (r = 0:38, p = 0:12). 


CALF BLOOD FLOW 

The mean (SEM) values of resting calf blood 
flow in the patients was 1:9 (0:1) m1/100 ml/min 
whereas in the controls it was 2:7 (0:3) ml/ 
100 ml/min, p < 0-05. Figure 4 shows the 
mean (SEM) values of calf blood flow at rest and 
from three to 13 minutes after a submaximal 
treadmill exercise test to a similar workload in 
the patients and the controls. Both groups 
showed the expected increase in calf blood flow 
after exercise but this was less in the patients 
than in the controls (p < 0-02). 

Figure 5 shows the relation between resting 
values of cardiac output and calf blood flow in 
the patients. Again there was no obvious rela- 
tion between these two variables (r = 0-32, 
p = 0-09), 
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Figure4 Mean (SEM) values of calf blood flow at rest 
and from 3 to 13 minutes after a fixed submaximal 
a workload in 30 patients with heart failure and 
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Figure 5 Relation 
between resting cardiac 
output and calf blood flow 
in patients. 
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Discussion 


In this study we simultaneously measured 
cardiac output and regional blood flow in a 
group of patients with severe heart failure and 
compared the results with those in healthy 
controls. All the measurements were per- 
formed non-invasively. We showed, not sur- 
prisingly, that the patients with heart failure 
had lower values of cardiac output at rest and 
that the increase in cardiac output in response 
to low levels of treadmill exercise was con- 
siderably less than the controls. We also 
showed that blood flow to the gut, kidneys, and 
limbs was reduced in the patients. 

It might be expected that the reduced cardiac 
output of patients with heart failure would lead 
to the same reduction in blood flow to all organs. 
This does not seem to be the case and there is 
differential redirection of the cardiac output in 
heart failure. Not only were the absolute values 
of blood flow to the tissues reduced, but the 
proportion of cardiac output to the gut and 
kidneys was also reduced in the patients com- 
pared with the controls. This presumably 
occurs to maintain blood flow to the cerebral 
and coronary beds. Similarly blood flow to the 
calf, which consists predominantly of skeletal 
muscle, was also reduced at rest and after 
exercise. We did not assess the other regional 
blood flow responses to exercise, but others 
have shown an expected reduction in blood 
flow to the superior mesenteric artery after 
exercise.’ 

‘There was no significant correlation between 
cardiac output and any of the measurements of 
regional blood flow. This indicates the impor- 
tance of local factors in controlling regional 
blood flow. It also indicates why cardiac output 
does: not correlate with patients’ symptomatic 
impairment. Because blood flow to skeletal 
muscle is important in determining patients’ 
symptoms the lack of correlation between limb 
blood flow and cardiac output helps to explain 
the lack of correlation between cardiac output 
and symptomatic impairment. The other major 
cause of symptoms is likely to be fluid retention 
and this is in part governed by renal blood flow. 
Again a lack of correlation between renal blood 
flow and cardiac output may also help to explain 
the apparent lack of importance of cardiac 


output in determining patients’ symptoms. 
Our results confirm the considerable reduction 
in regional blood flow reported elsewhere,’ 
although we did not show any relation between 
cardiac output and regional blood flow. 
However, the correlations previously des- 
cribed’ may have been spurious because they 
relied upon an analysis across two distinct 
groups, healthy controls and patients, and were 
not confined to the patients. Furthermore, 
those results were obtained with invasive tech- 
niques which in themselves are known to alter 
haemodynamic variables. 

Although the absolute values of cardiac out- 
put may not be important in determining 
symptoms itis likely that any treatment that has 
a beneficial effect will need to increase cardiac 
output. If symptomatic improvement is depen- 
dent upon increasing renal and skeletal muscle 
blood flow then this will be most likely to occur 
only by an increase in cardiac output and not by 
further redistribution of cardiac output. The 
measurement of regional blood flow and cardiac 
output is likely therefore to be useful in 
evaluating new treatments for heart failure. 
Heart failure is characterised by important 
abnormalities of cardiac output and regional 
blood flow. Further investigation of these 
abnormalities will give us a better understand- 
ing of the pathophysiology of the disease. The 
use of non-invasive techniques similar to those 
we have described will permit measurements to 
be made in more patients with mild heart 
failure in whom invasive measurements may 
not be clinically justified and it will also permit 
frequent serial measurements to be made of the 
response to treatment. 
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Decreased cardiac parasympathetic activity in 
chronic heart failure and its relation to left 


ventricular function 


J Nolan, A D Flapan, S Capewell, T M MacDonald, J M M Neilson, D J Ewing 


Abstract 

Background—<Activation of the sym- 
pathetic nervous system has been exten- 
sively studied in patients with chronic 
heart failure, but the parasympathetic 
nervous system has received relatively 
little attention. The objective in this 
study was to investigate cardiac para- 
sympathetic activity in chronic heart 
failure and to explore its relation to left 
ventricular function. 

Methods—Heart rate variability was 
measured from 24 hour ambulatory 
electrocardiograms by counting the 
number of times each RR interval 
exceeded the preceding RR interval by 
more than 50 ms (counts). This method 
provided a sensitive index of cardiac 
parasympathetic activity. 

Results—Mean (range) of counts were: 
waking 48 (1-275)/h, sleeping 62 (0—360)/ 
h, and total 1310 (31-7278)/24h. These 
were lower than expected, and in 26 
(60%) of the 43 patients counts fell below 
the lower 95% confidence intervals (95% 
CI) for RR counts in normal subjects. A 
significant correlation between total 24 
hour RR counts and left ventricular ejec- 
tion fraction was present (r = 0°49, 
p < 0-05). 

Conclusitons—These results indicate 
that most patients with chronic heart 
failure have reduced heart rate 
variability and therefore reduced 
cardiac parasympathetic activity. The 
degree of parasympathetic dysfunction 
is related to the severity of left 
ventricular dysfunction. This may be 
relevant to the high incidence of 
ventricular arrhythmias and poor 
prognosis of patients with chronic heart 
failure. 


Unlike most other diseases of the cardio- 
vascular system, the incidence and prevalence 
of chronic heart failure is rising in the 
Western world.’? Chronic heart failure is 
therefore an increasing cause of disability and 
death in the community. 

Autonomic control of the cardiovascular 
system is deranged in chronic heart failure 
and contributes to the pathophysiology of the 
syndrome.’ The sympathetic nervous system 
has been widely studied and its activity is 
enhanced in chronic heart failure.‘ The 


amount of sympathetic activation is linked to 
symptoms? and haemodynamic indices of 
impaired left ventricular function.” Although 
the sympathetic nervous system ‘is activated in 
chronic heart failure, reflex changes in auto- 
nomic activity during. stress are impaired.®° 
Increasing sympathetic activation is associated 
with a progressive rise in afterload leading 
to a deterioration in myocardial pump func- 
tion’? and has an inverse relation with 
survival.* Although abnormal parasym- 
pathetic function has also been found in 
chronic heart failure, this has not been 
extensively studied.” “ 

Analysis of variability of heart rate has been 
developed over the last decade as a useful 
non-invasive way of measuring activity of 
the autonomic nervous system. We have 
developed a method, with 24 hour electro- 
cardiograms, that is a reliable and a specific 
index of cardiac parasympathetic function,” 
and is valid even in the presence of frequent 
ventricular extrasystoles.'® 

Our aims in this study were to determine 
whether abnormal cardiac parasympathetic 
activity is present in patients with chronic 
heart failure and to examine the relation 
between resting left ventricular function and 
cardiac parasympathetic function. 


Patients and methods 
PATIENTS WITH CHRONIC HEART FAILURE 
Sixty ambulatory patients (42 men) with 
chronic heart failure due to ischaemic heart 
disease were studied. Their mean age was 61 
(range 36-72), and all had-moderate limitation 
of their daily activities, categorised as grade II 
or III of the New York Heart Association 
(NYHA) classification. Resting left ventricular 
function was impaired in all patients. This was 
assessed by a standard radionuclide technique 
for calculation of ejection fraction.” The mean 
(range) ejection fraction of patients was 17-8 
(5-35)%. All patients were in sinus rhythm. 
Patients were receiving only diuretics to 
control their chronic heart failure, with a mean 
(range) frusemide dose of 102 (40-160) mg. No 
patient had diabetes or renal failure and their 
clinical state had been stable for at least three 
months before the study. No patient had any 
history or clinical evidence of autonomic 
neuropathy. Because a recent myocardial 
infarction may affect cardiac parasympathetic 
activity, we excluded all patients with a 
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documented myocardial infarction during the 
previous six months. 

Tapes from 17 patients were excluded from 
analysis because of the presence of frequent 
supraventricular extrasystoles or technical 
problems with tape quality. There were no 
significant differences in baseline characteristics 
between the 43 patients (30 men, 13 women) 
included and the 17 patients (12 men, five 
women) excluded from further study. 


METHODS 

Electrocardiograms were obtained with a 
miniature tape recorder (Tracker, Reynolds 
Medical Limited) for 24 hours from all patients 
during normal ambulant out of hospital 
activities. Times of going to bed and getting up 
were noted by the patients. 

Tapes were replayed through a Pathfinder 
arrhythmia analyser (Reynolds Medical 
Limited) at 120 times the original recording 
speed. Heart rate variability was then assessed 
by the count based time domain method we 
have previously described.’ * Briefly, each RR 
interval was measured and successive beat by 
beat RR interval differences calculated. Each 
time an RR interval exceeded the preceding 
interval by more than 50 milliseconds a count 
was registered. Counts were accumulated and 
the results presented as total 24 hour RR 
counts, mean hourly waking RR counts, mean 
hourly sleeping RR counts, and mean waking 
and sleeping heart rates. 

Segments of tape in which changes in RR 
intervals occurred due to the presence of 
ventricular extrasystoles were excluded from 
analysis by the Pathfinder arrhythmia analyser, 
which detected ventricular extrasystoles due to 
the difference in their morphology and 
timing.!f ° As the Pathfinder arrhythmia 
analyser is unable to detect atrial arrhythmias, 
the signal was also closely monitored by the 
operator and tapes in which atrial arrhythmias 
occurred were discarded. Where less than 24 
hours of recording were available for analysis, 
the results were normalised to the equivalent of 
24 hours. Recordings shorter than 18 hours or 
with less than 40% of the tape suitable for 
analysis were rejected. 

We have already defined normal age related 
95% confidence intervals (95% CT) for counts 
with the same equipment and technique.” 
Values obtained from patients with chronic 
heart failure have been compared with this 
normal range. 

We have discussed the reasons why our 
technique provides a measure of cardiac 
parasympathetic activity.”* Abrupt changes 
in RR interval that occur at the start of 
muscular exercise, standing up, or lying down, 
are mediated by the vagus nerve.” Variation 
in RR interval is abolished in animals by 
cutting the vagus nerve% and in humans by 
parasympathetic blockade with atropine,” but 
is unaffected by f adrenoreceptor blockade.” 
Patients with transplanted hearts and diabetic 
patients with cardiovascular reflex evidence of 
vagal damage have very little variability in RR 
interval as measured by our technique.” Also, 
animal studies suggest that the degree of 
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respiratory sinus arrhythmia is directly related 
to vagal efferent activity.” ” 

Our method also correlates well with the 
high frequency (> 0-15 Hz) band of the power 
spectrum,” which is thought to be mediated by 
cardiac parasympathetic pathways.”* Our 
method is probably more specific as a measure 
of cardiac parasympathetic activity than other 
commonly used time domain methods.” RR 
interval counts that fall below the normal lower 
95% CI therefore represent reduced cardiac 
parasympathetic activity. 


STATISTICAL ANALYSIS 

Because the RR counts are not normally 
distributed data were log transformed before 
analysis. A simple linear regression was used to 
investigate the relation between total 24 hour 
RR counts and ejection fraction. Counts are 
expressed as geometric mean (range). Heart 
rates are expressed as arithmetic mean (SD). 


Results 

HEART RATE VARIABILITY 

Group mean (range) counts of RR interval 
changes were; waking 48 (1—275)/h sleeping 62 
(0-360)/h, and total 1310 (31-7278)/24h. 
Counts were lower than the predicted mean 
values for normal subjects of the same mean age 
of 61 years (waking 72, sleeping 122, and total 
2512). Figure 1 depicts total 24 hour RR counts 
plotted against age. Twenty six of the 43 
patients fell below the lower 95% CI for 
normal subjects. Mean waking (85 (14) beats 
per min) and sleeping (77 (15) beats per min) 
were normal. 
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Figure 2 Total 24 hour 

counts of RR interval 

changes plotted against 
lide sace 


those patients with the 
most severe tmpairment of 
left ventricular function. 
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RELATION BETWEEN HEART RATE VARIABILITY 
AND LEFT VENTRICULAR FUNCTION 

Figure 2 shows the relation between total 24 
hour RR counts and left ventricular ejection 
fraction. A significant linear correlation was 
found with the lowest counts obtained in the 
patients with the greatest impairment of left 
ventricular function (r = 0:49, p < 0-05). 


Discussion 

We have shown in our study that most of our 
patients with chronic heart failure due to 
ischaernic heart disease have reduced heart rate 
variability and by inference, therefore, reduced 
cardiac parasympathetic activity. Also, we have 
shown that a significant relation exists between 
the severity of left ventricular dysfunction and 
the extent of parasympathetic impairment. 
These findings have a number of potential 
implications. 

Previous studies have shown that sym- 
pathetic activation occurs in chronic heart 
failure,* initially as a compensatory mechanism 
to maintain adequate central blood pressure.”! 
The role of the parasympathetic nervous 
system in the pathophysiology and prognosis of 
chronic heart failure has not been studied in 
depth. Two previous studies of heart rate 
variability in chronic heart failure, one using 
power spectral analysis,” and the other a 
standard deviation method of analysis,” show a 
similar pattern of reduced heart rate variability 
but suffer from certain drawbacks. Standard 
deviation methods do not clearly differentiate 
between sympathetic and parasympathetic 
influences. Power spectral analysis, unlike our 
method, is rendered unreliable in the presence 
of ventricular extrasystoles, which occur 
frequently in patients with chronic heart 
failure. Our method is specific as a measure of 
parasympathetic function and clearly shows 
that impaired cardiac parasympathetic activity 
occurs throughout the 24 hour period.” 161° 2 28 

Both resting left ventricular function and the 
amount of sympathetic activation are linked to 
prognosis in patients with chronic heart 
failure.*** Patients with severe impairment 
of left ventricular function have maximal 
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activation of the sympathetic system. We have 
shown that a similar relation exists for impaired 
parasympathetic function. 

There are several potential mechanisms to 
explain the abnormalities we found. The renin 
angiotensin system is activated in patients with 
symptomatic chronic heart failure of NYHA 
grade II and greater treated with diuretics,‘ * 7 
and there is evidence that the amount of this 
activation is proportional to the clinical 
severity of the heart failure.” Angiotensin II is 
known to interact both centrally and peri- 
pherally with the autonomic nervous system to 
enhance sympathetic” ® and inhibit parasym- 
pathetic activity.“ Increasing neuro- 
endocrine activation in patients with chronic 
heart failure may therefore explain the 
presence of parasympathetic impairment and 
its relation to impaired left ventricular func- 
tion. An alternative or additional mechanism in 
patients with ischaemic heart disease could be 
direct injury to intracardiac nerves and recep- 
tors, leading to disruption of autonomic 
reflexes. We have previously shown that 
parasympathetic impairment occurs early in 
the course of anterior myocardial infarction.” 
As chronic heart failure is more likely to occur 
after anterior than inferior infarction, this lends 
support to direct damage as a possible 
mechanism for original parasympathetic 
impairment in these patients, with increasing 
neuroendocrine activation contributing to 
progressive changes in those patients whose left 
ventricular function declines with time. 

Sudden death occurs in almost 50% of 
patients with chronic heart failure.?“ Auto- 
nomic imbalance is known to be linked to the 
production of ventricular arrhythmias that are 
thought to be the cause of sudden death in most 
patients with chronic heart failure.“ The 
reduction of parasympathetic activity that we 
have shown to occur in the presence of sym- 
pathetic overactivity, may therefore provide 
suitable conditions for the production of 
ventricular arrhythmias. We have already 
investigated the role of the angiotensin con- 
verting enzyme inhibitor captopril in 
regulating parasympathetic activity in chronic 
heart failure.“ Captopril is known to have a 
beneficial effect on the incidence of ventricular 
arrhythmias® and sudden death in chronic 
heart failure.” The increase in parasympathetic 
activity that we demonstrated along with the 
reduction in sympathetic activity that is known 
to occur with captopril treatment, may be 
relevant to these effects. 

We have also studied the effect of class I and 
class III antiarrhythmic drugs, commonly used 
in the treatment of ventricular arrhythmias in 
patients with chronic heart failure.’ Some class 
I agents reduce cardiac parasympathetic 
activity and this may be an important factor in 
the adverse effect on prognosis that can occur 
when class I agents are used to treat ventricular 
arrhythmias in patients with impaired 
ventricular function.” By contrast, the class III 
agent amiodarone does not reduce cardiac 
parasympathetic activity. This may explain 
why this.agent does not have an adverse effect” 
and may improve survival” when used to treat 
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ventricular arrhythmias in chronic heart 
failure. 

In conclusion, we have shown that cardiac 
parasympathetic activity is reduced in most 
patients with chronic heart failure and that the 
magnitude of this reduction is correlated with 
the severity of left ventricular impairment. 
Reduced heart rate variability is a powerful 
independent risk factor for sudden death in 
survivors of myocardial infarction.” Long term 
follow up studies of patients with chronic heart 
failure are now needed to find out whether 
reduced heart rate variability will have a similar 
predictive value in these patients. 
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Lack of variation in venous tone potentiates 


vasovagal syncope 


Allister D Hargreaves, Alexander L Muir 


Abstract 

Objective—To investigate the peri- 
pheral venous response to head up tilting 
in malignant vasovagal syndrome. 

Patients—31 Patients with un- 
explained syncope or dizziness referred 
from the cardiology department. 

Methods—Changes in calf venous 
volume were studied by a radionuclide 
technique during 45° head up tilt testing. 

Results—During tilt testing six 
patients became syncopal but 25 were 
symptom free. The syncopal group had 
greater increases in calf venous volume 
after the change in posture and perhaps 
more importantly considerably less 
variability in the venous volume during 
the tilted period. 

Conclusions—The venous response 
was different in the syncopal patients. 
The lack of response of the peripheral 
venous circulation to changes in the cen- 
tral circulation may be responsible for 
triggering the Bezold-Jarisch reflex and 


malignant vasovagal syncope. 


Vasovagal syncope is a heterogenous con- 
dition. In a simple faint an external sensory 
stimulus—for example, sight of blood or ven- 
epuncture—causes the vagal response. Other 
forms of vasovagal syncope exist that result 
from stimulation of the Bezold-Jarisch reflex.! 
In these patients very low ventricular volumes 
result in a relatively empty ventricle contract- 
ing against itself and so generating very high 
intraventricular pressures. It is these high 
pressures that stimulate the Bezold-Jarisch 
reflex that causes parasympathetic activation 
and sympathetic withdrawal. This culminates 
in syncope due to hypotension and bradycar- 
dia. Several different circumstances can cause 
a very low central venous pressure and so 
provoke this chain of events. These include 
the administration of venodilator drugs—for 
example, glyceryl trinitate and amy! nitrite— 
and massive rapid haemorrhage.?* Also the 
same reflex is thought to be responsible for the 
condition called either malignant vasovagal 
syndrome or neurally mediated syncope in 
which patients have recurrent syncope both 
without warning and without precipitating 
stimuli.*® It is not understood why this 
occurs. Is it that they have a low threshold to 
initiation of the Bezold-Jarisch reflex or do 
they have an abnormality in their venous 
compartment that predisposes them to very 


low central pressures and this “empty heart 
syndrome’’? 

In this study we examined the changes in 
the peripheral venous blood volume during a. 
head up tilt test-and-made correlations with 
the haemodynamic changes found. We used a 
radionuclide technique to monitor the changes 
in peripheral venous volume minute by min- 
ute after the change in posture.” è? We describe 
abnormalities that were associated with syn- 
cope and blood pressure changes. 


Patients and methods 

PATIENTS 

All 31 patients (19 men, 12 women; age range 
18-79) were referred for head up tilt testing as 
part of our investigation of unexplained syn- 
cope or dizziness. They included eight people 
with ischaemic heart disease (three with pre- 
vious myocardial infarcts) and eight who were 
taking vasoactive medication—namely, 8 
blockers, calcium antagonists, or nitrates. 
Earlier investigation was limited but all 
patients had undergone 24 hour Holter 
electrocardiographic monitoring and carotid 
sinus massage before referral and these tests 
had not explained the subject’s episodes of 
syncope. No patient was assessed by electro- 
physiological study. Before participating in the 
study all patients gave informed consent. 


MEASUREMENTS 

The heart rate and rhythm were recorded 
continuously with a four channel electro- 
cardiograph (Mingograf 34, Sweden) and mon- 
itor (Rigel DM721, Rigel Research, Surrey). 
Blood pressure was measured by a 
semiautomatic sphygmomanometer (Copal 
UA-251 digital, Japan) placed on the left arm. 
A radionuclide labelled blood pool was establi- 
shed by a semi in vitro technique.’ Red blood 
cells labelled with 50 MBq technetium-99m 
were reinjected into the left arm and were 
allowed to reach equilibrium (10 minutes). 
Activity was detected by a caesium iodide 
crystal (John Caunt Scientific Ltd, Oxon), 
which was placed 5 cm from the skin of the 
right calf and was supported by a foam pad. 
Patients were asked not to move their legs 
during the study. Also, the crystal was clamped 
to the tilt table to prevent movement of the 
probe on tilting. The left leg was shielded with 
lead to prevent activity from this side con- 
taminating the recordings from the right leg. 
The detector output was recorded and proces- 
sed by a custom made nucleonics system con- 
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Figure 1 (A) Time 
activity curve from a 
symptom free patient. At 
time 1 the table was tilted 
and at time 2 it was 
returned to horizontal. 
(B) Same time activity 
curve-with construction 
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trolled by a microprocessor. Time activity 
curves were drawn and variables were derived 
after drawing construction lines (fig 1). The 
increase in venous volume (%) was derived by 
the formula: (y — x)/x x 100 and the venous 
variability (%) was calculated by z/y x 100. 
The time to plateau response is the time 
between lines x and y. 


PROTOCOL 

‘The patients had a light breakfast on the 
morning of the study.. They were asked to 
continue their usual medication. The patient 
was positioned on the table and the measuring 
devices were set in place. Baseline recordings 
were made every five minutes over a 20 minute 
period with the table horizontal. The table was 
then tilted by a hand driven mechanism to 45° 
and maintained in this position for one hour or 
until the subject developed symptoms. When 
syncope or near syncope developed the table 
was returned to horizontal. Over the first five 
minutes of tilting haemodynamic recordings 
were made every minute, and between five and 
10 minutes the rate was decreased to every two 
minutes. After 10 minutes of tilting, heart rate 
and blood pressure were documented every 
three minutes. If symptoms developed the 
recordings were repeated immediately. 


STATISTICS AND ANALYSIS 
The baseline haemodynamic measurements 


Baseline characteristics, mean (SD) 


Heart ove (beats/min) 
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were the average of the recordings at five, 10, 
and 15 minutes when the patient was hori- 
zontal. The haemodynamic and venous res- 
ponse data in the two groups were compared by 
the non-parametric Mann-Whitney U test 
(Minitab 6.1 release, Minitab Inc). Correlation 
coefficients (Pearson moment product) were 
derived to assess associations between variables 
(Minitab 6.1 release, Minitab Inc). 


Results 

Patients were divided into two groups on the 
basis of their response to the tilt test: those that 
experienced syncope or near syncope (tilt 
positive) (n = 6) and those that remained 
symptom free (tilt negative) (n = 25). The age 
range of the group with symptoms was 60 to 77 
years. To eliminate some of the effects of age on 
the cardiovascular response.to tilting, analysis 
was also performed to include only those over 
age 55 in the symptom free group (n = 13). 


BASELINE CHARACTERISTICS 

Despite the differing age ranges of the groups 
with and without symptoms there were no 
significant differences in the age, sex, or 
haemodynamic variables at baseline (table). 
More people had ischaemic heart disease and 
were taking vasoactive medication in the 
symptom free group than in the group with 
symptoms but this difference was not statis- 
tically significant. 


HAEMODYNAMIC RECORDINGS DURING TILT 

The lowest recorded systolic blood pressure 
during head up tilt was significantly less in the 
syncopal group (mean (SD) 75:5 (19) v 124 
(23) mm Hg p = 0-001) and the maximum fall 
in systolic pressure from baseline to lowest 
level during the tilt test was significantly greater 
in the patients with symptoms (66 (23) v 14 
(12) mm Hg p < 0-001). 
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Figure 2 Comparison of percentage increase tn venous . 

clone during tilting in symptom free and syncopal 

ee (scattergram and means; p = 0-05 for difference 
tween means). 
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Figure 3 Comparison of 


Figure 4 Time activity 
curve from a syncopal 
patient. Arrows I and 2 
apply as for figure 1 and 
arrow 3 tndicates head 
down tilt. 
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No significant difference in the mean heart 
rate was recorded at the time of the lowest 
blood pressure between those with and without 
symptoms (64 (23) v 72 (13) beats/min, NS). 
Only one patient in our syncopal group 
developed a profound bradycardia. 

No sigificant difference was found in the time 
taken for the maximum fall in blood pressure to 
occur between those with and without symp- 
toms (32 (21) v 33 (19) min, NS). 


VENOUS RESPONSE 

Patients with symptoms had a greater percent- 
age increase in venous volume on tilting than 
symptom free patients (p = 0-05, fig 2) even 
when analysis was restricted to those of a 
similar age (with symptoms 72 (18)% w older 
symptom free 41 (17)%, p < 0-01). The 
variability of the venous reponse was significan- 
tly less in those that developed symptoms (p = 
0-001, fig3). The difference remained significant 


when those under 55 were excluded (with. 


symptoms 4:4 (2:3)% v older symptom free 


12-3 (6:4)%, p < 0-01. Fig 4 shows an example ` 


of a calf time activity curve in a syncopal 
patient. Patients who had syncope had a large 
increase in calf venous volume during the tilted 
phase; the volume varied little but tended to 
increase gradually. Some patients, however, 
had low variability but did not have symptoms 
or a significant fall in blood pressure (fig 3). The 
time taken for the venous volume to achieve the 
plateau phase after tilting was similar in the two 
groups (with symptoms 7 (3) v symptom free 5 
(3) min, NS). 
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Change in systolic BP (mm Hg) at 6 min 
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Figure 5 Comparison of fall in systolic blood pressure 

between horizontal values and recordings made frve 

ter tilting in symptom free patients aged over 
from patients with syncope (scattergram 


minutes 
55 with 
and means). 


POSTURAL HYPOTENSION 


Postural hypotension is judged by a fall in 
systolic pressure between horizontal and five 
minutes after tilting. The fall in blood pressure 
five minutes after tilting was significantly 
greater in the patients with symptoms, (— 7-5 
(11) v 2:3 (11), p= 0-05). This difference, 
however, disappeared when the syncopal 
patients were compared with the older symp- 
tom free patients (fig 5). Of the older subjects 
tilted, two had a fall in systolic pressure of 
greater than 20 mm Hg (one symptom free and 
one with symptoms) and no patient had symp- 
toms at this time. 


Discussion 

Our study has shown that patients who 
experience syncope during a head up tlt test 
have less variable venous tone and tend to have 
a larger increase in the volume of blood in their 


. calf during tilting. This group of patients, 


identified by the tilt test, are thought to have 
malignant vasovagal syndrome. Symptoms 
induced by postural hypotension were not a 
problem in these patients. Also, none of the 
syncopal patients showed autonomic dysfunc- 
tion when non-invasively tested by the meth- 
ods of Ewing.’® 

Our evidence suggests that at least some of 
the pathology in malignant vasovagal syn- 
drome lies in the peripheral veins. During head 
up tilt roughly 600 ml of blood shifts from the 
central circulation to the legs.’ The body 
normally responds to this movement of blood 
by activating the sympathetic nervous system. 
This causes an increase in venous tone that 
tends to increase the venous return to the heart 
and maintain the cardiac output when stand- 
ing. This increase in tone is seen even in an arm 
vein segment that has been isolated from the 
circulation by a tourniquet.’ Other evidence 
for activation of the sympathetic nervous sys- 
tem lies in the increase in heart rate, peripheral 
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vascular resistance, and plasma noradrenaline 
concentrations that occur during head up tilt. 
It is not known if this sympathetic stimulation 
is set at a constant level or whether it is variable. 

Our patients who did not experience syncope 
had more obvious variability in the volume of 
calf venous blood, possibly as a result of 
variable sympathetic stimulation. Perhaps it is 
important for the calf veins to behave in an 
active manner with periods of constriction 
increasing the venous return in response to 
falling central venous pressure. Indeed we 
found an inverse correlation between vari- 
ability of venous tone and the fall in systolic 
blood pressure during tilting (r = — 0-57, p < 
0-01). It is known that venoconstriction occurs 
in the arm veins of normal young men when 
syncope is induced by either head up tilt or 
negative lower body pressure. When the 
stimulus became too great for venoconstriction 
to adequately increase venous return they 
became syncopal. If patients with malignant 
vasovagal syndrome have an impaired venous 
response. during tilting this will predispose 
them to episodes with low central venous 
pressure and low cardiac volumes. If this 
occurs in assocation with increased sympa- 
thetic drive the conditions are right for stimula- 
tion of the Bezold-Jarisch reflex and vasovagal 
syncope. The importance of adequate sym- 
pathetic stimulation is underlined by the work 
of Almquist et al which shows a greatly 
increased rate of syncope in head up tilt testing 
when patients had a concomitant infusion of 
isoproterenol.® It is thought that high sym- 
pathetic outflow is required to generate the 
excessive intraventricular pressures that pro- 
voke the Bezold-Jarisch reflex. 

In our study we found that only 19% of 
patients had syncope. This proportion is sub- 
stantially lower than other groups looking at 
malignant vasovagal syndrome. Fitzpatrick 
and Sutton have reported that 74% of their 
patients experienced syncope.’ Abi-Samra et al 
had a positive response in 42% and Strasberg et 
al detected syncope in 37:5% of their 
patients." é In interpreting these figures it is 
important to remember that the patients we 
studied had not already had intensive inves- 
tigation and were relatively unselected. It is 
likely that these people had a range of condi- 
tions responsible for their initial symptoms. 
This had the advantage of allowing observation 
of the peripheral venous response in a popula- 
tion ranging from normal to severely abnormal. 
Our low rate of syncope is partly explained by 
the 45° of tilt that we used by contrast with the 
greater stress of 60° that has now become 
accepted as the optimal degree of tilt.” Our 
symptom free group may contain some people 
that would be syncopal in response to the 
greater stress. It was not our purpose to inves- 
tigate the incidence of syncope but to examine 
the role of the veins in the pathogenesis. 

As expected the fall in blood pressure during 
tilting was related to increasing age (r = 
— 0:37, p < 0-05). This is thought to be due to 
a gradual functional impairment of the auto- 
nomic nervous system.” Consequently, it is 
perhaps predictable that malignant vasovagal 
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syndrome tends to occur in older people. 

Two pieces of work have stated that vaso- 
vagal syncope was associated in some instances 
with overactive cardiovascular reflexes. ® This 
is not necessarily at variance with our findings. 
In one study the syncopal subjects were young 
and had no history of syncope. These results 
may simply reflect a group prone to fainting 
when under medical investigation and head up 
tilt. A second study also found evidence of 
exaggerated cardiovascular reflexes as judged 
by heart rate response both to tilting and to 
stimulation of the carotid sinus. Peripheral 
venous tone was not examined and the exag- 
gerated heart rate response may reflect a normal 
reflex response to low cardiac filling pressures. 

Our chosen method for assessment of calf 
venous volume has been validated against limb 
plethysmography.’ Pharmacological studies 
suggest that calf venous volume is not influen- 
ced by changes in arterial volume. Hydralazine 
and felodipine cause noticeable decreases in 
systemic vascular resistance, but no change in 
venous volume.®”! By contrast, nitrates cause a 
10% increase in venous volume without caus- 
ing significant reductions in systemic vascular 
resistance.® Captopril, which acts on arterial 
and venous beds, decreases systemic vascular 
resistance and causes venous volume to in- 
crease.“ Our extrapolation from calf 
measurements to venous volume is therefore 
not unreasonable, and this technique appears 
to be ideally suited to monitor changes in 
peripheral venous volume in response to pos- 
ture. 

We postulate that the abnormality in patients 
with malignant vasovagal syndrome may lie 
within the peripheral veins themselves, per- 
haps involving the smooth muscle or endoth- 
elium, and is not the result of generalised 
dysfunction of the autonomic nervous system. 
If the primary pathological defect is identified 
more satisfactory treatment may result—par- 
ticularly for the vasodepressor type of malig- 
nant vasovagal syndrome. 


We thank Miss Felice Taddei for technical assistance and to Mrs 
Venessa Campbell for the preparation of the manuscript. 
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Short-term and long-term treatment with 
propafenone: determinants of arrhythmia 
suppression, persistence of efficacy, 
arrhythmogenesis, and side effects in patients with 


symptoms 


Manfred Zehender, Stefan Hohnloser, Annette Geibel, Armin Furtwängler, 
Manfred Olschewski, Thomas Meinertz, Hanjörg Just 


Abstract 

Objective—To assess the clinical 
criteria predicting the short and long- 
term efficacy of propafenone, an agent 
with class IC antiarrhythmic activity 
and a broad pharmacological profile. 

Designs—Prospective study of 
propafenone at doses of 450 to 900 mg/ 
day during a six week dose titration 
period (including a placebo phase with 
two separate 24 Holter recordings). 
Responders to treatment were followed 
for one year. 

Patients—One hundred patients with 
frequent ventricular arrhythmias (> 30 
extrasystoles/h) of Lown class II and 
IVA/B and without evidence of myo- 
cardial infarction within the past six 
months. 

Analysis—Multivariate regression 
analysis of spontaneous arrhythmia 
variability and of different clinical vari- 
ables to determine the short and long- 
term efficacy and safety of propafenone. 

Measurements and main results— 
Propafenone 450 mg/day was effective in 
30/100 patients (30%), and at 600 mg/day 
another 14 responded. The efficacy of 
propafenone correlated with a low spon- 
taneous arrhythmia variability and, as 
shown by multivariate analysis, with a 
lower patient age (p < 0°05). When the 
dose was increased to 900 mg/day a fur- 
ther six (12%) patients responded. How- 
ever, with increasing doses of propafen- 
one, the one year probability of effective 
treatment decreased from 86% (450 mg/ 
day) to 67% (600 mg/day) and to 44% 
(900 mg/day). After restudying the 
patients at three, six, and 12 months and 
after dose adjustment in 11/44 patients 
(25%), 31 patients (70%) remained re- 
sponders. Loss of permanent anti- 
arrhythmic efficacy was best predicted by 
the initial dose that achieved a response. 
No patient died suddenly or had arr- 
hythmogenic effects during Holter mon- 
itoring. Side effects occurred in 36% of 
patients but these rarely limited long- 
term treatment. 

Conclusions—A younger age, low 
spontaneous arrhythmia variability, and 
particularly a low titration dose were the 


best predictors of the short and long 
term efficacy of propafenone. AI] other 
responders should have repeated Holter 
recordings during the first year of treat- 
ment. 


Propafenone is a potent antiarrhythmic drug 
and is widely used in Europe and the United 
States for the management of ventricular ar- 
rhythmias."° It has class IC activity and 
produces considerable sodium-channel block- 
ade in heart muscles and Purkinje fibres*!° 
with little effect on ventricular repolarisation." 
Additionally, propafenone produces f adren- 
ergic blockade in vitro®?'°''” and in vivo,“ 
and has weak calcium channel blocking 
properties.°?'® Short-term, placebo con- 
trolled, double blind studies (dose range from 
450 to 1200 mg/day) showed suppression of 
frequent ventricular extrasystoles and of 
episodes of non-sustained ventricular tachy- 
cardia in 60-85% of patients treated with 
propafenone.’’'°!’ Similar results were repor- 
ted in uncontrolled studies.’ '** The combin- 
ation of potent sodium channel and f blocking 
properties are characteristics known to stabil- 
ise the electrophysiological properties of 
myocardial cells.” Propafenone is therefore 
viewed as being of particular interest.! 7” 

However, evidence from the Multicenter 
Cardiac Arrhythmia Suppresion Trial 
(CAST) of an excess mortality among post- 
infarction patients treated for ventricular 
arrhythmias with the class IC drugs encainide 
and fiecainide has called into question the 
overall benefit of class IC drugs.% Because 
propafenone has similar electrophysiological 
effects to encainide and flecainide and because 
information on its long-term effects is incom- 
plete,” the use of propafenone has also been 
restricted. At present, it is uncertain whether 
propafenone can be safely and effectively used 
for long-term treatment of patients with 
symptomatic and frequent ventricular 
arrhythmias, but without recent myocardial 
infarction.! 

In a prospective, one year follow up trial, 
we studied 100 patients with symptoms of 
frequent ventricular arrhythmias to examine 
long-term efficacy and safety of propafenone 
treatment. We used multivariate analysis to 
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predict persistence or loss of long-term 
efficacy and arrhythmogenic effects related to 
antiarrhythmic treatment in these patients. 


Patients and methods 

PATIENT SELECTION 

The ethics committee of the University of 
Freiburg approved the study, which was con- 
ducted from December 1987 to November 
1989. We studied. 100 patients (69 men, 31 
women; median (SD) age 62 (6) range 28-78) 
with frequent ventricular extrasystoles 
(>30/h) and ventricular pairs or tachycardia 
who had given informed consent (table). We 
included only those patients with symptoms of 
arrhythmia. 

Ninety three patients had organic heart dis- 
ease (for example, diagnosed by exercise testing 
or echocardiography). Thirty two had had 
catheterisation of the right or left ventricle. 

Exclusion criteria were myocardial infarc- 
tion within the past six months, presence of 
myocardial ischaemia during an exercise test 
before the study (an exercise test was negative 
in all the patients), heart failure NYHA class 
IV, sustained ventricular tachycardia (>30 
repetitive beats or tachycardia that was not 
haemodynamically tolerated by the patient), 
bradycardia <50 beats/min and conduction 
disturbances of the sinoatrial and atrioven- 
tricular nodes, more than second degree bundle 
branch block, atrial fibrillation, sustained ven- 
tricular tachycardia, a baseline QT-interval of 
>500 ms (Romano-Ward and Jervell-Lange- 
Nielsen-syndrome), serum potassium <3-0 
mmol/l, serum creatine > 2 mg/dl, hepatic dis- 
ease, concomitant medication with other 
antiarrhythmic agents and calcium channel 
blocking agents (except nifedipine), and 
previous treatment with propafenone. Patients 
taking digoxin were included only if treatment 
had been started before they entered the study. 


STUDY DESIGN 


Before entry into the study‘all patients under- . 


Data on 100 patients before antiarrhythmic treatment 








Variable Value 
Sex (M:F) 69:31 
Age (mean (SD)) (y) 62-7 (6-8) 
Underlying heart disease (patients): 
Coronary artery disease 50 
Previous MI (14) 
Cardiomyopathy 14 
Valve discase 9 
Pulmonary heart discase 7 
Other heart disease 13 
No heart disease 7 
NYHA classification ients): 
NYHA I ii 33 
NYHA II 50 
NYHA ITI 17 
NYHA IY 0 
Ejection fraction (%) (mean (SD)) 41 (8) 
Ventricular arrhythmias (patients): 
> 30 symptomatic VE/h 100 
Lown class ITI 11 
Lown class TVA 35 
Lown class IVB 54 
VE/24h (mean (SD)) 10-875 (6594) 
VB/24h (mean (SD)) 209 (278) 
VT/24h (mean (SD)) 26 (46) 
Previous antiarrhythmic treatment 18/100 


ET a NUNN A AN Dt SSSA ahi 
MI, myocardial infarction; NYHA, New York Heart 
Association; VE, ventricular extrasystole; VB, ventricular 
pairs; VT, ventricular tachycardia. 


went an initial wash-out period of one week and 
a qualifying 24 hour Holter monitoring period. 
The patient was only included in an active 
treatment group if the first 24 hour Holter 
examination showed >30 symptomatic ven- 
tricular extrasystoles per hour and repetitive 
ventricular arrhythmias (ventricular pairs or 
salvos). Baseline examinations (physical 
examination, electrocardiogram, chemical 
blood analysis, echocardiogram) were perfor- 
med at this time. The ejection fraction was 
determined in all patients by invasive 
measurements or by echocardiography. 

All patients underwent a 10 day placebo 
period with 24 hour Holter recordings on day 3 
and day 10. The second Holter recording was 
used to assess the spontaneous variability of 
ventricular arrhythmias and to confirm the 
arrhythmia suppression obtained during active 
treatment. 

All patients included in the active treatment 
study were treated with propafenone (150 mg 
three times a day) for one week. If arrhythmia 
suppression was not effective, the dose of 
propafenone was increased during a second 
week to 600 mg/day (300 mg twice a day). The 
first group of 50 patients was given propafenone 
(900 mg/day, 300 mg three times a day) in 
hospital if they did not respond to the lower 
doses. The criteria for response were those of 
Morganroth et al and Graboys et al (a reduction 
in ventricular extrasystoles of > 84%, of ven- 
tricular pairs by >90%, and of ventricular 
tachycardia by 100%).** Arrhythmogenic 
events were defined according to the criteria 
reported by Podrid et al.” All patients had a 
weekly electrocardiogram, measurement of 
plasma drug concentrations, and assessment of 
side effects. 

All patients who were considered to be 
suitable for long-term treatment with 
propafenone were studied after three, six, and 
12 months of treatment by 24 hour Holter 
recording, electrocardiogram, plasma drug 
concentration, and side effects. Non-responders 
who did not have therapeutic plasma concen- 
trations of propafenone plasma had repeat 24 
hour Holter recording two weeks later. 

All Holter recordings were analysed 
semiautomatically by a Cardiodata MK 4 sys- 
tem. The recording time was 24 hours; the 
Holter recording was repeated in patients who 
had fewer than 18 hours of registration time 
that was artefact free. All ventricular tachycar- 
dia episodes were displayed and documented. 
A visual 1:1 analysis for the incidence of 
arrhythmias was performed blindly in 5% of 
the tracings by a second investigator. Both the 
sensitivity and the specificity of the analysis 
were > 98%. 


STATISTICAL ANALYSIS 

All measurements are reported as median 
values or, when indicated, as mean +/— SD. 
Single and partial correlations were analysed 
by a 7’ test (including Yates’ correction coef- 
ficient), Student’s t test, and the U test for 
comparison of median values. Analysis of 
variance was done by the “repeat-measure- 
ment” model for pre and post dose changes. All 
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Figure 1 Changes (from 
a 100% decrease to a 
400% increase) in the 
frequency of ventricular 
extrasystoles (VE) 
between the first and second 
placebo 24 h Holter 
recordings (+400% 
increase) and during a 
Holter recording when the 
patient was treated with 
propafenone (450 mg 
day) (propafenone} in 
patients with coronary 
artery disease {A} and 
those without { B). The 
shaded area indicates a 
superior effect of 
propafenone. 


Figure 2. Changes (from 
a 100% decrease toa 
400% increase) in the 
Frequency of ventricular 


pairs (VB) between the ` 


first and second placebo 

24 h Holter recordings and 
during a Holter recording 
made when the patient was 
treated with propafenone 
(450 mg/day} in patients 
with coronary artery 
disease (A) and those 
without, The shaded area 
indicates a superior effect of 
propafenone and the 
hatched area indicates a 
superior effect of placebo. 


tests were performed at a two-sided significance 
level of 0-05. Multivariate regression analysis 
was used to determine the influence of different 
clinical variables on the short term efficacy of 
propafenone. 


Results 

Propafenone 450-600 mg/day was initially 
effective in 44/100 patients (44%) enrolled in 
the study. In 43/44 responders and 23/56 non- 
responders arrhythmia related symptoms were 
abolished. After one year 31/44 patients 


~ A 
100 





—100 0 


vue te 


Cumulative percentage of patients 





of 
—100 O 


100 
VE suppression and VE increase (%) 


200 300 400 


Cumulative percentage of patients 





200 


300 
VB suppression and VB increase (%) 


100 400 


493 


Propafenone 


Propafenone 


Cumulative percentage of patients 





—100 0 100 200 300 
VT suppression and VT increase (%) 


Figure 3 Changes (froma 100% decrease to a 400% 
increase) in the frequency of ventricular tachycardia 
(VT) between the first and second Holter recordings and 
during a Holter recording when the patient was treated 
with propafenone (450 mg/day) in patients with 
coronary artery disease (A) and those without (B). The 
shaded area indicates a superior effect of propafenone and 
the hatched area indicates a superior effect of placebo). 
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continued to respond to propafenone. None of 
the patients died suddenly during treatment 
with propafenone. 


ARRHYTHMIA VARIABILITY DURING THE 

PLACEBO AND TREATMENT PERIODS 

Figures 1-3 reveal spontaneous arrhythmia 
variability. Examination of Holter recordings 
during placebo treatment showed that about 
50% of patients showed a decrease and 50% an 
increase in the frequency of single ventricular 
extrasystoles. In order to assess the effect of the 
underlying heart disease on the spontaneous 
variability of arrhythmia we analysed the 
patients with coronary artery disease separately 
from those without. There was a clear difference 
in the spontaneous variability of repetitive 
arrhythmias. A reduction of 100% or an 
increase of >100% in the frequency of 
ventricular pairs or tachycardia after placebo 
was more common in patients with coronary 
heart disease (figs 2 and 3). 

Spontaneous arrhythmia variability was 
important when propafenone efficacy was 
analysed. Figures 1—3 summarise the effects ofa 
daily dose of 450mg propafenone in all 
patients. In patients without coronary heart 
disease 35% had total suppression of 
ventricular tachycardia after propafenone; 
however, this was only 18% more than that 
seen during the placebo period (fig 3B). In 
patients with coronary artery disease total 
suppression of ventricular tachycardia was seen 
in 44% of patients during the placebo period. 
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During treatment with propafenone this was 
unexpectedly reduced to 12% (fig 3). 

The graphs used in figs 1-3 also allowed us to 
assess the efficacy of propafenone indepen- 
dently of the criteria used to define a responder. 
This can be of importance when arrhythmia 
related symptoms are significantly reduced in 
individuals who do not fulfil the response 
criteria. When we examined all the responses to 
treatment with 450 mg propafenone we found 
that propafenone had different effects on 
ventricular extrasystoles, ventricular pairs, and 
tachycardia (fig 3). For example, in repetitive 
arrhythmias increased efficacy of propafenone 
(shown by a leftward shift of the response 


curve) was often associated with a lowering of 


the plateau level, indicating that an increasing 
proportion of patients show some evidence of 
proarrhythmia at the same time (figs 2 and 3). 

Because the spontaneous variability of 
ventricular arrhythmias was high we used 
combined criteria (for example >84% 
reduction of ventricular extrasystoles, a 90% 
reduction in the frequency of bigeminy, and the 
complete suppression of ventricular tachy- 
cardia) as a measure of the antiarrhythmic 
efficacy of propafenone. We studied the relia- 
bility of these criteria by comparing the initial 
two placebo Holter recordings that were 
separated by a week. During the placebo period 
none of our patients met these criteria. 

During treatment with propafenone, the 
resting heart rate decreased from 74 to 68 beats/ 
min (p < 0-05), the PR interval increased from 
0-15 to 0:22 s(p < 0-05), and the QRS and QT 
intervals remained unchanged. 


SHORT AND LONG-TERM EFFICACY OF ORAL 
PROPAFENONE 

During dose titration, 44/100 patients (44%) 
were responders to propafenone (450 mg/day, 
30 patients; 600 mg/day, 14 patients). When 
the dose was increased to 900 mg/day in centre 


6 months 3months 12 months 


60 


VE suppression and VE increase (%) 


Figure4 Effect of propafenone on ventricular extrasystoles (VE) after threes (closed 
line}, six (solid line), and 12 months (dotted line) of therapy compared with the initial 
placebo Holter recording (— 100% reduction to + 100% increase}. A total of 44 
patients is included initially responded to propafenone 450-600 mg/day 


(ordinate = 100%). 


A another six patients (12%) were added to the 
responder group. The median incidence of 
ventricular extrasystoles in 24 hours was 
reduced from 8434 to 2125 in non-responders 
(median reduction 66%) and from 5642 to 207 
in responders (median reduction 96%). 
Episodes of ventricular pairs were reduced 
from 65 to seven in non-responders (median 
reduction 88%) and from 104 to 0 episodes in 
responders (median reduction 100%). 
Episodes of ventricular tachycardia over 24 
hours were reduced from 6 to one in non- 
responders and from 4 to 0 episodes in respon- 
ders. Of the patients responding to 450- 
600 mg/day propafenone, 43/44 responders 
and 23/56 non-responders lost their arrhyth- 
mia related symptoms after propafenone. In 
the non-responders loss of symptoms was 
associated with a significantly higher reduction 
in the rate of ventricular extrasystoles 
(p < 0-01) and a lower Lown class after treat- 
ment (p < 0-01). 

Multivariate analysis showed a positive 
correlation between arrhythmia suppression 
during short-term propafenone therapy and a 
lower patient age (p < 0-012), while sex, 
underlying heart disease, NYHA class, Lown 
class (IVA, B), concomitant digitalis medica- 
tion, occurrence of side effects, or presence of 
coronary heart disease were unrelated to 
propafenone efficacy. 

Thirty eight of the 44 patients (86%) com- 
pleted a one year follow up while taking 450- 
600 mg/day; 31 remained as responders (that is, 
31% of all patients considered for antiarrhyth- 
mic treatment and 74% of all the surviving 
patients treated long-term). However, 11 of 
these patients (25%) needed a change of dose 
after three or six months despite a therapeutic 
plasma concentration of propafenone. Three of 
the six patients who did not complete one year 
follow up required the 900 mg/day dose. The 
other three patients died from non-sudden and 
non-cardiac death or in an accident. One 
patient died from progressive heart failure, one 
stopped propafenone after carcinoma was diag- 
nosed, and one because of side effects. 

Figure 4 shows the response curve for all 
patients after three, six, and 12 months. In 
multivariate analysis of the possible predictors 
of long-term efficacy of the initial propafenone 
dose we examined all the variables tested for 
short-term efficacy. Except the titration dose 
itself, none of these variables was predictive of 
permanent arrhythmia suppression in the re- 
sponder group. Though, a permanent response 
was significantly more likely in patients who 
initially responded to 450 mg/day (25/29 
patients) than in those who responded to 600 
mg/daily (8/12, p < 0-01). At centre A where 
the dose titration included 900 mg only 4/9 
responders continued to take propafenone after 
one year. 


SIDE EFFECTS AFTER SHORT AND LONG-TERM 
TREATMENT WITH PROPAFENONE 

During short term treatment six patients 
stopped propafenone because of side effects 
(450 mg/day, two with nausea; 600 mg/day, 
one with vomiting; 900 mg/day, three with 
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nausea) and two patients because of exacerba- 
tion of ventricular extrasystoles (>400% 
increase). Side effects were reported in a total of 
36/100 patients (36%). 

During the follow up one patient stopped 
treatment because of side effects. Ten of 44 
patients reported transient side effects during 
long-term treatment. None of the initial re- 
sponders to propafenone had arrhythmogenic 
events during Holter recording. 


Discussion 

Recent data from the CAST study™ have 
fuelled the debate®™ on the risk-benefit ratio of 
the use of agents with class IC antiarrhythmic 
activity. In the CAST study post-infarction 
patients who initially responded to flecainide or 
encainide had a worse outcome during the 
follow up while taking these drugs than 
patients taking placebo. This study, however, 
also raised many unresolved questions about all 
patients with arrhythmia. First, is the high risk 
of agents with class IC activity in the CAST 
study also found in patients without recent 
myocardial infarction. Second, do patients 
with more frequent and repetitive arrhythmias 
(21% of patients in the CAST study) have a 
better benefit/risk ratio? Third, is repeated 
Holter monitoring mandatory to detect loss of 
efficacy andarrhythmogeniceffects during long- 
term treatment in patients who initially 
responded to treatment? Fourth, how should 
we treat patients with potentially uncontrolla- 
ble arrhythmias who required treatment for 
symptoms after CAST. Fifth, should we 
expect similar results with other class IC 
agents, such as propafenone? 

Although propafenone shares some of the 
electrophysiological features of flecainide and 
encainide it differs from both. It has additional $ 
blocking’? and calcium-channel blocking 
properties.°°'® The f blocking dose-related 
effect was found even at low doses in the study 
by Hartel* and others” ° and may enhance the 
class I properties of propafenone.”' Placebo 
studies showed the clinical effectiveness of 
propafenone,'® which was as effective as 
disopyramide,'** quinidine,” tocainide,™ 
flecainide® or even amiodarone in suppressing 
ventricular arrhythmias.” It was no more 
arrhythmogenic than other agents with class IC 
activity.“ Unfortunately, there are few valid 
long-term studies of propafenone in which 
Holter monitoring obtained months after the 
start of treatment could confirm that its anti- 
arrhythmic efficacy persists and that arrhyth- 
mogenesis does not increase.” 


EFFICACY OF PROPAFENONE DURING DOSE 

TITRATION AND LONG-TERM TREATMENT 

The present study aimed to assess long-term 
efficacy and safety of propafenone in a group of 
100 patients with symptomatic ventricular 
arrhythmias. Patients with recent myocardial 
infarction were excluded. Therefore our study 
can not be compared with CAST. Addition- 
ally, all our patients had >30 ventricular 
premature beats, 89% of patients had repe- 
titive ventricular arrhythmias, and all patients 
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clearly had symptoms caused by arrhythmias. 
As in previous reports, the spontaneous 
variability during placebo treatment was high 
in our patients and increased with the complex- 
ity of the clinical arrhythmia, especially in 
patients with coronary artery disease. This 
variability affected the efficacy of propafenone. 
Propafenone at a dose of 450 mg/day totally 
suppressed repetitive ventricular arrhythmias 
in about 10% of patients; after placebo the 
proportion of patients with total suppression 
was three times higher. To eliminate the false 
positive results established by the two 24 hour 
Holter recordings after placebo we used com- 
bined and restrictive criteria for drug induced 
suppression of arrhythmia. 

We chose to show data on arrhythmia vari- 
ability, on propafenone efficacy, and on 
arrhythmogenicity simultaneously and inde- 
pendently of statistical criteria. We used data 
from the two placebo Holter recordings to 
assess the spontaneous arrhythmia variability 
and to create the baseline curve. When we 
added data on the efficacy of propafenone to this 
graph, the area between the placebo and 
propafenone curves showed a complete picture 
of the antiarrhythmic and proarrhythmic 
potency of the drug in a particular patient 
group. 

The major aim of the present study was to 
assess data on the prediction of the long-term 
efficacy of propafenone treatment. All our 
patients were given a daily dose of 450-600 mg 
propafenone which was effective in 44% of 
patients during a short-term study. These 
results resemble those reported by others'*’® 
and those we reported in 100 patients when 
doses of 450 mg and 750 mg were used and the 
response rate was 56%.° We found that 
arrhythmia related symptoms disappeared in 
41% of patients not classified as responders. 
However, those non-responders with symp- 
toms and those without were clearly different in 
terms of the effect on ventricular extrasystoles 
and suppression of repetitive arrhythmias. It 
remains uncertain whether these patients who 
lost their symptoms during treatment but did 
not meet the criteria for response should con- 
tinue further treatment. The overall safety of 
propafenone during this one year observation 
period favours continuation of treatment at the 
lowest dose of propafenone that prevents 


symptoms. 


MULTIVARIATE ANALYSIS FOR THE PREDICTION 
AND THE MAINTENANCE OF THE EFFICACY AND 
SAFETY OF PROPAFENONE 

Multivariate analysis showed that older 
patients were less likely to respond to propafen~ 
one. There were no correlations with other 
clinical variables. Side effects or acute arrhyth- 
mogenesis were not predicted by any of the 
clinical variables. In the present study the dose 
was increased to 900 mg/day only in hospital 
for safety reasons and the increase added 
another 12% of patients to the responder 
group. Unfortunately, large studies of the long- 
term effects of propafenone based on repeat 
Holter recordings are rare, as are studies of the 
predictors of long-term efficacy. In our study 
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at the end of one year 70% of patients given 
long-term treatment and 31% of patients with 
symptoms remained responders to propafen- 
one. However, the likelihood that propafenone 
treatment would still be effective after one year 
decreased as the titration dose increased; thus, 
it was reduced by >50% when the titration 
dose was 900 mg/day. Multivariate analysis 
showed that the titration dose was the variable 
most predictive of long term propafenone effi- 
cacy. Because of the 25% loss of propafenone 
efficacy during the follow-up, repeat Holter 
monitoring is mandatory especially in patients 
with higher titration doses. This is also relevant 
to the CAST study because with higher doses 
of class I agents there was a likelihood of 
> 50% that treatment would be ineffective after 
one year of therapy. 

In the CAST study there was considerable 
interest in mortality and the occurrence of 
arrhythmogenic events during Holter monitor- 
ing in patients treated because they have 
symptoms. Though our patient group was too 
small for us to make any definite conclusions, 
none of our patients died from sudden cardiac 
death during the one year follow-up, nor did 
any propafenone responder show arrhythmo- 
genesis during subsequent Holter monitoring. 
So in our study a placebo group was unlikely to 
provide more information on this point. In the 
CAST study, however, a significant number of 
patients died suddenly after antiarrhythmic 
therapy. 


CLINICAL IMPLICATIONS 

This study emphasises the importance of 
careful assessment of the spontaneous varia- 
bility of ventricular arrhythmias inherent in a 
particular group of patients considered for 
antiarrhythmic treatment. We used a type of 
graphical analysis which provides an interest- 
ing overview of the spontaneous arrhythmia 
variability and of the antiarrhythmic and 


arrhythmogenic potency of any antiarrhythmic 
agent. When propafenone was used in a dose of 
up to 600 mg in patients with frequent symp- 
tomatic arrhythmias, about half of the patients 
were effectively treated and most of these 
patients remained responders during one year 
of follow up. Only the titration dose was a 
predictor of the persistence of the drug 
response. Therefore, patients treated by 
propafenone over longer periods should have 
repeat Holter monitoring. 
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The aortic root in bicuspid aortic values 


It is well known that the aortic root at commis- 
sural and supra-aortic levels increases in bicus- 
pid aortic stenosis; it is less well known that 
such root dilation may be instrumental in 
contributing to aortic regurgitation with bicus- 
pid valves in the absence of any obstruction. 


What is of interest is that the aortic root is also 
dilated with functionally normal bicuspid 
aortic valves. The aortic root abnormality 
is thus primary and not a mere secondary 
phenomenon. 

M J DAVIES 


Association of aortic dilation with regurgitant, stenotic and 
functionally normal bicuspid aortic valves 


Rebecca T Hahn, Mary J Roman, Allen H Mogtader, Richard B Devereux 


To determine whether aortic root dilation associated 
with a bicuspid aortic valve occurs independently of 
valvular hemodynamic abnormality, aortic root 
dimensions were measured by two-dimensional 
echocardiography in 83 adults with a functionally 
normal (n = 19), mildly regurgitant (n = 26), 
severely regurgitant (n = 27) or stenotic (n = 11) 
bicuspid aortic valve and compared with findings in 
normal subjects matched for age and gender. Aortic 
root measurements were made at four levels: anulus, 
sinuses of Valsalva, supraaortic ridge and proximal 
ascending sorta. Seventy-one percent of patients 
with a bicuspid aortic valve were men. _ 

When compared with contro! subjects, all hemo- 
dynamic sub-groups showed a significantly larger 





aortic root size at three levels: sinuses of Valsalva, 
supraaortic ridge and proximal ascending aorta (p < 
0-05 to p < 0-001). The prevalence of aortic root 
enlargement among all hemodynamic subgroups 
ranged from 9% to 59% at the level of the anulus, 
36% to 78% at the sinuses, 47% to 79% at the 
supragortic ridge and 50% to 64% in the ascending 
a0rta. 

» Thus, there is a high prevalence of aortic root 
enlargement in patients with a bicuspid aortic valve 
that occurs irrespective of altered hemodynamics or 
age. These findings support the hypothesis that 
bicuspid aortic valve and aortic root dilation may 
reflect a common development defect. 

(J Am Coll Cardiol 19923;19:283-8) 
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CASE REPORTS 
Streptokinase treatment of a thrombosed 
Bjork-Shiley prosthesis in the aortic position 
Vivek K Mehan, Bharat V Dalvi, Purshottam A Kale 
Abstract space parasternally showed an aortic ejection 
Dysfunction of a mechanical prosthetic murmur and no prosthetic valve sounds (fig 
valve caused by thrombus formation is 1A). 
usually treated surgically. A patient with The patient was given 1:5 million units of 
a thrombosed Bjérk-Shiley valve in the streptokinase intravenously over 30 minutes, 
aortic position was treated successfully a UPUREA ES VEN Specter ra TTT 
with intravenous streptokinase. The j eerie 
considerable improvement in the = fee 
patient’s clinical condition and the E aa aa 
Oe ee eee a 
and cinefluoroscopic evidence of normal- = fetitet emea 
isation of HES HETHER HbR arene Got Hea ee Sele 
prosthetic valve function enfi t Tekn EEGA a TEE 
established the efficacy of thrombolytic ‘carer ee: a ae! : 
therapy of a thrombosed prosthetic i if 
valve in this patient. 
Thrombosis is a major complication of 
mechanical prosthetic valves, causing valve 
occlusion or systemic thromboembolism.'* . 
The reported annual incidence of these Spy eae 
complications was 5%.?* Surgery is the usual SS Ee a le pa HEE 
treatment in patients with prosthetic valve il; pee kah: ee 
dysfunction caused by thrombosis: mortality fra aE aai ER: 
is high.”* A few attempts to treat thrombosed e ee EEE e hEN 
prosthetic valves with thrombolytic agents En E EnEn aala 
have been successful.>’ We report here a [|Riti RRA fist hae rs 
patient with a thrombosis of a Bjérk-Shiley [JHU RaH REY SHITE 
prosthesis in the aortic position that ` 
responded to thrombolytic therapy. ea eh 
: ankin 
Case report EE izje! 
A 33 year old man had aortic valve W aakit 
replacement with a 23mm planoconvex fi SH 
Bjérk-Shiley valve seven years before and he [EM HIRES 
was adequately anticoagulated with warfarin nus peewee an eee ee are 
2:5 mg daily. He presented with a five day 1: a TS R- 2 Soe abl fs neste gt lrn 
history of exertional dyspnoea (New York i aR ae 
Heart Association class II) and reported that HEE Sate 
he could no longer hear the valve clicks. He EN ane 
had stopped taking warfarin three months Ail macht 
before. He had a pulse rate of 100 per minute m Ei: 
and a blood pressure when supine of 120/ i ila 
80 mm Hg. There was no evidence of heart i imate 
failure or endocarditis. No prosthetic valve 3 ee il ie 
sounds were heard and a grade 3/6 aortic a eda pecleaiat mles : 
ejection murmur was present. The pro- oee aeee e eeehe 
C oa N of thrombin time by Quick’s one stage test was EN i ei E 
oni Dare 13/12 seconds. ja B -$ peal 
Bombay, India’ A cross sectional echocardiogram showed T Pee ip eesti 
bs i ee restricted mobility of the prosthetic valve disc Ha Hie i C | 
P A Kale with no clots or vegetations. Cinefluoroscopic Phonocardoerami reeded atthe aore aa et Ai Ga 
Correspondence to: examination showed that the prosthetic valve admission, (B) two hours after treatment with 
Ree, Sen es Seen ce ene 
> obtained wi e transducer placed at the 
KEM Hospi, Pareh “aortic area” in the second right intercostal F ia i a TOME CORVERTE 
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Streptokinase treatment of a thrombosed prosthetic valve 


followed by an infusion of heparin at the rate 
of 1000 units per hour for 24 hours to main- 
tain the clotting time at one and a half times 
his- basal clotting time (measured at the start 
of treatment), and aspirin (150 mg per day). 
Phonocardiographic recordings were obtained 
every hour with the microphone placed at the 
same position. 

Two hours after treatment started the 
patient reported that he could hear faint valve 
sounds. Physical examination showed a 
decrease in the aortic ejection murmur and the 
closing sounds of the prosthetic valve were 
clearly audible. The phonocardiographic 
recording confirmed the findings (fig 1B). 
Six hours later the patient could clearly hear 
the prosthetic valve sounds “normally’’. 
At auscultation sharp opening and closing 
prosthetic valve sounds and a soft aortic 
ejection murmur were heard. The phono- 
cardiogram confirmed these findings (fig 1C). A 
repeat cross sectional echocardiogram showed 
a normally functioning valve. Cinefluoroscopy 
showed that the prosthetic valve disc opened 
to a full 60°. The patient was symptom free on 
discharge and experienced no complications 
related to the streptokinase therapy. 

At follow up one month later there was no 
evidence of a recurrence of thrombosis and 
the phonocardiographic, echocardiographic, 
and cinefluoroscopic findings remained normal. 


Discussion 

Although modern prosthetic heart valves are 
becoming less thrombogenic, thrombotic 
complications do occur.** 

For aortic prosthetic valves (especially of 
the Bjork-Shiley type) the wide variability of 
the ratio of the intensity of the opening and 
closing sounds makes clinical interpretation of 
this sign inaccurate. Phonocardiography 
provides one of the most reliable positive 
indices of a thrombosed prosthesis, especially 
when a previous phonocardiographic record is 
available for comparison.® Cross sectional 
echocardiography and cinefluoroscopy are 
other non-invasive methods of confirming the 
diagnosis and monitoring the efficacy of 
thrombolytic therapy. 
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In this patient the complete absence of 
prosthetic valve sounds and development of 
exertional dyspnoea along with his history of 
not taking anticoagulant therapy pointed 
strongly to a diagnosis of prosthetic valve 
thrombosis. Serial phonocardiograms pro- 
vided an objective index of thrombolysis 
(figure). Though the patient’s symptoms were 
mild, there was every likelihood of life- 
threatening valve obstruction or systemic 
embolisation,’® so urgent intervention was 
warranted. When thrombolytic treatment is 
not effective, surgical intervention is indicated. 
In our patient streptokinase therapy was suc- 
cessful and the patient experienced complete 
relief of dyspnoea and the return of audible 
valve sounds. Potential complications of 
thrombolytic therapy include allergic re- 
actions to streptokinase, haemorrhages owing 
to the systemic lytic state or systemic throm- 
boembolism caused by loss of adhesion be- 
tween a partially lysed thrombus and the pros- 
thesis? Our patient experienced no 
complications of the thrombolytic therapy. 

As thrombolytic agents become more 
potent, safe, and thrombus-specific, the need 
for surgical intervention for thrombotic 
complications of prosthetic valves should be 
reduced. 
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Infected interventricular ‘Teflon patch: — and 
closure of fistula with omentum 


Andrew Chatzis, John Pepper, Tom Treasure 


Abstract 

A pericardiocutaneous fistula five years 
after repair of a rupture of the 
ventricular septum was managed by 
removing all foreign material (Teflon). 
The resulting defect was repaired with 
part of the central tendon of the 
diaphragm and a pedicle of omentum 
was used to cover the heart. This radical 
approach was found necessary after 
other measures, including surgical 
excision of the fistula, had failed. 


Rupture of the myocardium is one of the more 
common modes of death after infarction.’? It 
is amenable to repair but requires some form 
of patch to close the septal defect and material 
to buttress the sutures in the friable infarcted 
ventricular myocardium. Teflon felt is 
commonly used. This operation has increased 
in Britain in the period 1979 to 1988 from 
about 50 cases to about 200 cases per year 
with an overall mortality of 34%. Mortality 
varied between 26% (1980) and 39% (1987) 
with no evident trends.° The use of foreign 
material in surgical repair is associated with a 
risk of persisting infection that is virtually 
incurable unless the material is completely 
removed. 


Case report 

In 1985 a woman aged 53 had an anterior 
myocardial infarction caused by occlusion of 
the left anterior descending coronary artery 
that was complicated by ventricular’ Septal 
rupture. The septum was repaired with a 
double Tefion patch that was brought out 
through the ventriculotomy with two further 
ribbons of Teflon to buttress the closure, a 
standard technique. 

She remained well for three years but then 
presented in July 1988 with an abscess 
inferiorly in the left breast. It was drained by a 
general surgeon who recognised that the tract 
went between the ribs. He did not pursue it 
further but referred the patient back to the 
cardiothoracic team. A purulent discharge 
persisted despite antibiotic treatment. A 
sinogram showed extention deep into the rib 
cage and in February 1989 the surgeon who 
performed the original repair re-explored the 
pericardium through a left thoracotomy, 
excised the sinus, and established that the 
Teflon cardiac repair was the source of chronic 
infection. The sinus started discharging again a 
few days after the operation. Understanding 


the significance of the situation, the patient ` 
was against further surgery and preferred 

conservative management with intermittent 

antibiotics. The chronically discharging sinus 

was tolerated for two years. 

In January 199] the patient presented with 
daily rigors, fever, and an intermittently bloody 
discharge from the sinus. Staphylococcus 
epidermidis was isolated from the blood. A 
sinogram confirmed a tract reaching the 
anterior surface of the ventricle. A left 
ventriculogram excluded ventricular pseudo- 
aneurysm. The right and circumflex coronary 
arteries were still free from significant disease. 
The balance of risks and benefits was thought to 
justify radical surgery. This was offered to the 
patient and accepted. 

She was reoperated on in April 1991. The 
femoral artery was cannulated, the previous 
median sternotomy was reopened, and a 
cardiopulmonary bypass was established using 
the right atrium for venous drainage. The heart 
was completely mobilised, all foreign material 
was removed, and the area irrigated with 
Betadine solution. This left a 2 x 3 cm 
ventricular septal defect with fibrosed margins. 
Part of the central tendon of the diaphragm was 
used to close the defect, and the ventriculotomy 
was closed with a continuous prolene suture 
through secure fibrous tissue. The whole of the 
greater omentum was mobilised on the right 
gastroepiploic artery, brought through the dia- 
phragmatic defect, and tacked in position over - 
the anterior and lateral aspect of the heart. 

The patient made a good recovery. She is 
free from fever and there is no discharge from 
the sinus. 


Discussion 

The surgical principles in the eradication of 
chronic infection include removal of all 
necrotic tissue and foreign material. This is a 
major problem when prosthetic material forms 
an integral part of the repair in cardiac and 
vascular surgery. In this case a radical 
operation was the only possible solution, more 
conservative methods having failed. 

Tissue flaps can be used to obliterate space 
and separate planes to prevent recurrence of 
fistulas. The omentum has proved highly suc- 
cessful in this respect and has been used for 
many years by Turner-Warwick et al in their 
work in reconstructing organs damaged by 
pelvic fracture.* Several authors have used it as 
a means of closing bronchopleural fistulas,” 7 
aorto-oesophageal fistulas,® aortobronchial 
fistulas,’ infected vascular grafts,°!! and 


Infected interventricular Teflon patch: repair and closure of fistula with omentum 


recurrent sternal infection.” ®? The omentum 
has been used in the pericardium after removal 
of Teflon felt used to buttress sutures on the 
surface of the left ventricle.'* It has been 
suggested that it should be used prophylac- 
tically and this has been described in a series of 
50 high risk cases. As two of these patients 
died of complications possibly related to the 
use of the omentum, one due to peritonitis, 
prophylactic use of the omentum hardly seems 
justified. Its use, however, in established sepsis 
seems fully merited and the technique of 
mobilisation for use in cardiothoracic surgery 
has been well described by Mathisen er a/.'* 

The omentum has the potential for absorb- 
ing bacteria and exudate” and is said to have a 
lipid angiogenic factor." It is well vascularised 
and can reach virtually anywhere in the chest or 
abdomen; as such it is a useful adjunct to the 
treatment of chronic infection and fistulas 
under various difficult circumstances.'® As a 
general policy it seems wise to avoid the use of 
foreign material and in particular Teflon felt as 
infection associated with it is resistant to all 
medical measures. 


L Delborg M, Held P, Swedberg K, Veldin A. Rupture of the 
myocardium. Occurrence and risk factors. Br Heart J 
1985354: 11—H. 

2 Pugsley W, Treasure T. Surgery for acute myocardial 
infarction; ventricular septal rupture and mitral regurgita- 
tion. Gurr Op Cardiol 1986;1:859-63. 
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Subaortic stenosis caused by an unusual fibrous 
blood-filled cyst of the left ventricle with outflow 
tract obstruction associated with a ventricular 


septal defect 


Seimei Nakae, Atsushi Kurata, Akira Ishihara 


Abstract 

A large blood-filled cyst formed from a 
fibrous tissue tag of a right ventricular 
septal aneurysm was successfully re- 
sected. This cyst, which was causing 
subaortic stenosis, was attached to the 
margin of the closed ventricular septal 
defect and not to the mitral valve itself 
nor the papillary muscle of the left 
ventricle. 


Left ventricular outflow tract obstruction is 
often associated with anomalies of the mitral 
valve apparatus. It almost always originates 
from the papillary muscle or the mitral valve 
itself.'* We report a patient in whom the 
obstructive lesion was an unusual blood-filled 
cyst formed from a fibrous tissue tag of right 
ventricular septal aneurysm. This case 
reminded us that anomalies of both the right 
and left atrioventricular valve tissue anomalies 
can cause obstructive lesions.’ 


Case report 

The patient weighed 3350g at birth after 
an uneventful delivery. When he was three 
months old a systolic murmur and dextrocar- 
dia were noted. Echocardiography performed 
then and a year and a half later showed a 
perimembranous ventricular septal defect. 
The second echocardiographic examination 
also showed anomalous membranous tissue 
attached to the membranous portion of the 
left ventricle. Cross sectional echocardio- 
graphy performed when the patient was seven 
years old showed that the ventricular septal 
defect was closed by a septal aneurysm, and a 
balloon shaped mass that was 18mm in 
diameter with an echolucent centre in the left 
ventricular outflow tract. Cardiac catheterisa- 
tion and left ventriculography were perfor- 
med. Angiography showed that the large cyst 
moved to the subaortic portion during systole 
and a pressure gradient of 65 mm Hg across 
the cyst (fig 1). An electrocardiogram showed 
sinus rhythm, an axis of +100%, and 
evidence of left ventricular hypertrophy. 
Echocardiographic examination showed a wall 
thickness of 7 mm. The chest x ray showed a 
cardiothoracic ratio of 52%. At operation 
right ventriculotomy showed a ventricular 


septal aneurysm. The septal aneurysm com- 
municated with the left ventricle via a 
small orifice. The communication was closed 
after the membranous septal aneurysm was 
resected. Subsequent aortotomy showed a 
large smooth, white, round fibrous cyst 
occupying the entire diameter of the left 
ventricular outflow tract and attached to the 
tissue between the perimembranous portion 
and ventricular septum, which was partly con- 
nected to the fibrous tissue that communicated 
with the ventricular septal aneurysm. It was 
thought that this fibrous cyst was associated 
with the septal aneurysm of the right ventricle 
and dependent on the mitral apparatus (fig 2). 
This round fibrous cyst (20 mm in diameter) 
was filled with blood. During the resection the 
blood escaped through a small orifice. The 
postoperative course was smooth and post- 
operative cardiac catheterisation showed 
neither a ventricular communication nor a 
pressure gradient from the left ventricular 
outflow tract to the ventricular apex. Macro- 
scopic examination confirmed that the cyst was 
composed of white, elastic fibrous and gelatin- 
ous tissue. Histological examination showed 
that the cyst wall was made of mucus and 
degenerated fibrous tissue but not cardiac 
muscle fibre; these components were identical 
to those in the ventricular septal aneurysm 
resected from the right ventricle. 





Figure | 
filled cyst in the subaortic portion of the left ventricular 
outflow tract. BC, blood-filled cyst. 


Left ventriculogram showing a large blood- 
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tricular septal defect during the course ol 
closure of the ventricular septal defect.’ [he 
small posterior orifice in the cyst accords with 
the hypothesis that the cyst became enlarged 
by filling up with blood under systolic pres 
sure.! The cyst became spherical as blood 
became trapped in its cavity. However, this 
blood was discharged through an orifice in the 
cyst after it was removed. Andersen proposed 
that maturational closure of a perimembra 
nous ventricular septal defect and obstruction 
of the left ventricular outflow tract are thi 
mechanisms by which a fibrous diaphragm 
fibrous muscular tunnel, anomalous insertion 
of the atrioventricular valve, or aneurysmal 


: ; i = fibrous tag develop.’ A fibrous tag could have 
Figure 2 Cyst after removal through the aorta. A) It had a small orifice at the apical srotruded into the left ventricular Ra 
side of the ventricle. (B) The aortic view shows the smooth surface. The wall was prou uas into the Iert ventricular Cavity Wi n 
2-0 mm thick. the right ventricular pressure rose. (LToss See 


tional echocardiography is essential to conhirm 
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Discussion that this type of blood-filled cyst showing 
There are several reports of obstruction of the unusual echolucent mass’ and attachment can 
left ventricular outflow tract by a blood-filled be resected without mitral valve replacement 
cyst attached to the mitral apparatus, by a 

bleb on the mitral valve, or by accessory tissue We thank Dr S Hiraishi and Dr Y Agata for 

from the mitral valve.°* In our patient, ee 


however, the cyst was neither a simple blood- 
= 1 Hauser AM, Rathod L, McGill ], Rosenberg BF, Go 


filled cyst that had entrapped blood in the Finnis GC. Blood cyst of the papillary mus 

mitral valve apparatus nor a mitral bleb that | | Cardio 1983;51:612 | ; 

obstructed the left ventricular outflow tract. — se tiga a a RAD Pa SAna a an 

Investigation during surgery confirmed that 3 Sellers RD, Lillehei CW, Edwards JE. Subaort 

there was no connection between the fibrous Cardio r Oe oie 0:200. 302. MRE a 

cyst and either the mitral valve leaflets or the 4 MacLean LD, Culligan JA, Kane DJ- Subaortic stenosi 

chordae tendineae of the mitral valve. This hasar ra e pem A a ee 

fibrous blood-filled cyst seemed to have origin- 5 4nderson RH, Lennox CC, Zuberbubler JR. Mechanis: 
A X n T - of closure of perimembranous ventricular septal del 

ated and grown from the fibrous tissue tag of im J Cardiol 1983:52:341-5 

an aneurysm of the ventricular septum or © Arnold I, Hubner PJB, Firmin RK. Blood fill 

from the accessory tissue of the tricuspid papay E T trees Obati AE NRE ET A Mai 


valve that had herniated through the ven- 63:132 
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Cardiac rupture after thrombolytic therapy: the 
use of aprotinin to reduce blood loss after surgical 


repair 


Catharina A van Doorn, Christopher M Munsch, J Campbell Cowan 


Abstract 

Emergency cardiac surgery after recent 
thrombolytic therapy is associated with 
increased blood loss. A patient under- 
went emergency repair of a ruptured left 
ventricle after intravenous streptokinase 
treatment for acute coronary occlusion. 
High dose aprotinin was given during the 
operation to reduce the expected blood 
loss. Surgical repair was successful 
without bleeding complications. Total 
postoperative blood loss was 365 ml. 


Myocardial rupture is a well recognised and 
frequently fatal complication of acute myo- 
cardial infarction. The effect of thrombolytic 
therapy on the incidence of myocardial 
rupture is not yet known. Although 
emergency surgery offers the only realistic 
hope of survival,'? it is often difficult to 
control bleeding from the friable, recently 
infarcted myocardium.’ Furthermore, recent 
administration of thrombolytic treatment has 
been shown to increase substantially peri- 
operative haemorrhage during emergency 
cardiac surgery.‘ The protease inhibitor 
aprotinin (Trasylol: Bayer, Germany) has 
been shown to reduce the blood loss and use 
of blood products in patients undergoing 
cardiopulmonary bypass.” We describe a 
patient who underwent emergency surgery for 
myocardial rupture after thrombolysis and to 
whom aprotinin was given with a view to 
reducing the expected excessive blood loss. 


Case report 

A 67 year old previously fit woman was 
admitted to the Leeds General Infirmary with 
a three hour history of chest pain and elec- 
trocardiographic evidence of acute anterior 
myocardial infarction. Treatment with intra- 
venous streptokinase (1:5 x 10° iu over 30 
minutes), heparin, nitrates, and aspirin 
initially led to relief of her symptoms and 
resolution of the — electrocardiographic 
changes. One hour later, however, she 
developed recurrent chest pain associated 
with new ST changes on the electrocardio- 
gram and developed clinical evidence of 
cardiogenic shock. Her haemodynamic condi- 
tion was at this stage improved by inotropic 
support with dobutamine and counter- 
pulsation with an intra-aortic balloon pump 
(IABP). 


Emergency coronary angiography showed a 
90% stenosis in the midportion of the left 
anterior descending coronary artery (LAD) 
and although this was successfully dilated by 
angioplasty, she remained in cardiogenic 
shock. At this stage pericardial tamponade 
secondary to myocardial rupture was sus- 
pected and was confirmed by transthoracic 
echocardiography. The patient was trans- 
ferred directly from the angio suite to theatre 
for emergency operation. Because of recent 
thrombolytic therapy, excess perioperative 
blood loss was expected. The table shows the 
results of her preoperative coagulation tests. 
On the basis of these it was decided to 
administer the protease inhibitor, aprotinin. 
After induction of anaesthesia, a loading dose 
of 500 000 kallikrein inactivator units (KIU) 
of aprotinin was given over 10 minutes, 
followed by 200 000 KIU per hour until the 
administration of protamine and the end of 
the operation. 

After sternotomy a large amount of un- 
clotted blood was evacuated from the peri- 
cardium’ with immediate improvement in the 
haemodynamic state. Inspection of the heart 
showed an extensive haemorrhagic antero- 
apical infarct covered with clot, beneath 
which there was a slit like rupture of the left 
ventricle (figure). After cardiopulmonary 
bypass was started necrotic muscle was 
excised and the ventricular defect repaired. 
Bypass was stopped with the help of the LABP 
and dobutamine support, but with otherwise 
satisfactory haemodynamic recovery. After 
reversal of heparin with protamine the wound 
bed, including the raw muscular surface of the 
ventricular repair, rapidly dried up. Post- 
operative blood loss from the chest drains was 
265 mil for the first 12 hours with a total loss of 
365 ml over 24 hours, after which the drains 
were removed. Over the next few days the 
patient was gradually weaned from the intra- 
aortic balloon pump and off inotropic support. 
She made a good recovery, was discharged 
home 15 days after operation and was 
symptom free at follow up after two months. 


Results of preoperative coagulation studies, after 
streptokinase istration 


Prothrombin time 25/15 
aa al partial thromboplastin time aS 
Fibrinogen degradation products 0 mg/l 
fae <0:5 mg/l) 
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Appearance of the heart at operation, showing extensive haemorrhagic anteroapical 
infarction. 


Discussion 

Cardiac rupture is a catastrophic event that 
occurs in about 2%—4% of patients admitted 
to hospital with an acute myocardial infarc- 
tion,'? although its incidence is probably 
under reported. It is not yet known what effect 
thrombolytic therapy has on the occurrence of 
myocardial rupture. Preliminary data from 
the ISIS-II trial showed that 30 patients 
receiving streptokinase died from cardiac 
rupture compared with 18 in the control 
group. Although the differences are not statis- 
tically different, there is some evidence that 
thrombolysis increases the risk of rupture on 
the first day and decreases the risk on 
subsequent days.” Because treatment and 
monitoring of patients with acute myocardial 
infarction is becoming more intensive, it is to 
be expected that an early diagnosis will be 
made in a higher percentage of patients suffer- 
ing cardiac rupture, and this will lead to 
more patients being presented for emergency 
surgery. It is likely that, with the widespread 
use of thrombolytic therapy for acute infarc- 


tion, many of these patients will come to 
surgery with a high risk of bleeding. These 
points are all well illustrated in the present 
case report. 

The beneficial effects of the protease 
inhibitor aprotinin in reducing blood loss in 
open heart surgery are now widely known. 
Although its mechanism of action is not yet 
completely understood two potential mechan- 
isms of action have been postulated: firstly that 
it has a protective effect on platelet function, 
which is normally reduced during cardio- 
pulmonary bypass’ or secondly that it has an 
antifibrinolytic effect through its anti-plasmin 
activity.” The reduction in bleeding induced 
by thrombolytic therapy in the present case 
lends support to the second of these theories 

Research into the exact mechanism of 
action of aprotinin is continuing and its 
clinical applications in both cardiac and non- 
cardiac surgery are continually being ex- 
tended. This case illustrates a further indica- 
tion for the use of aprotinin in reducing the 
potential complications associated with emer- 
gency cardiac surgery after thrombolysis 


1 Fenely MP, Chang VP, O'Rourke MF. Myocardial rupture 
after acute myocardial infarction: len year review 
Br Heart J 1983;49:550-6 
2 Pohjola-Sintonen, Miller JE, Stone PH, er al. Ventricular 
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Fig. 501. Base de la plante. 


Seila {Urginea} maritima, 





Fig. 502. Inflorescence. 


Drimia maritima (L. Stearn, Baillon H. Histoire des plantes, volume 12. Paris: 
Librairie Hachette, 1892:454. 


Medicinal plant discovery 

Plants are the origin of important cardio- 
vascular drugs and the articles in this series, 
which now comes to an end, describe their 
discovery and development. The organic 
chemicals in plants that we exploit for medical 
use are often poisonous secondary compounds 
—that is, not involved in metabolism. So it is 
not entirely clear why they are produced. Some 
of them act as defences against animal or insect 
predators, or indeed against other plants. 

In many cases a medicinal plant was first used 
in folk medicine and with some of these 
remedies the drug is actually contained in the 
plant and can be used without modification, as 
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with digoxin and morphine. But in other 
instances scientific endeavour has been all 
important in developing new medicines or new 
uses from the folk remedy. As examples of new 
medicines one can cite amiodarone, verapamil, 
and aspirin; while new uses include atropine, 
reserpine, and ryanodine. There have been 
important contributions too from other 
sources. Veterinary medicine led to oral 
anticoagulants and to an animal model for 
pulmonary hypertension. Academic chemistry 
produced lignocaine and it was a patient’s own 
experience that gave us quinidine. There is no 
obvious explanation for the distribution of 
medicinal compounds in the plant kingdom. 
There are about 300 families of plants and just 
22 are the source of all the major pharma- 
ceutical drugs. The family Apocynaceae with a 
total of 2100 species has three that yield 
important medicines while Compositae with 
21 000 species includes only two minor ones. 

There must be more plant medicines await- 
ing discovery, but how do we go about finding 
them? I do not believe that theorising from 
existing knowledge will be the answer. 
Progress is likely to develop along the lines it 
has followed in the past. 

Squill or sea onion Drimia maritima 
(Liliaceae) a Mediterranean plant has been 
used since antiquity to treat heart disease. It 
was known to the ancient Egyptians, to 
Pythagorus (who wrote a treatise on it in the 6th 
century BC), and to Hippocrates who pre- 
scribed it as a diuretic. From Greek and Roman 
times onward it was widely used as an expec- 
torant, diuretic, and emetic. It was also valued 
as a rat poison and used to control outbreaks of 
plague in Egypt. Squill was a constituent of the 
famous Guy’s Pill which remained in the 
pharmacopoeia until 1960. The active principle 
is the cardiac glycoside proscillaridin A. 

I would like to express my warm thanks to 
Jane Dawson whose idea it was to produce this 
series and to Dr Dennis Krikler for his support 
and encouragement. It has been a pleasure to 
write these articles and I hope you have enjoyed 
reading them. Fare-well! 


The idea for this series comes from a booklet, Cardiology from 
Nature, which Dr Hollman wrote for Telectonics Pacing 
Systems at the suggestion of Mr Peter Sedgwick. 


‘The articles are now published as a book, Plants in Cardiology, at 
£595 (including postage and packing) available from the BM] 
Publishing Group, BMA House, Tavistock Square, London 
WC1H 9FR or from all medical bookshops including the BMJ 
Bookshop at BMA House. 


DR A HOLLMAN 
Seabank, 

Chick Hill, Pett, 

East Sussex TN35 4EQ 
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Academic mectings 

The Society has had its first academic meeting 
in Fitzroy Square. As readers will know, a 
teach-in on molecular biclogy—arranged by 
Professor David Weatherall—took place on 
31 March. We were privileged to have such an 
auspicious start to a series that we anticipate 
will become a feature of the Society. Most of 
those who attended have taken the trouble to 
write letters of appreciation—an unusual 
accolade from busy cardiologists. The 
demand for places was, however, somewhat 
less than we had anticipated and all who 
applied were accommodated within our 
limited space. Many who had wanted to 
attend were unable to do so because of clinical 
commitments, and also (we were told) 
because of contractual obligations. Will con- 
sultants’ contracts become another powerful 
hindrance to the maintenance of standards of 
excellence? We hope not, but we are fearful. 
Perhaps we should abandon our “members 
only” rule for teach-ins and for the (forth- 
coming) workshops to allow more junior 
trainees to share the benefits. Were this to be 
the case would members be happy to sub- 
sidise the travel arrangements and provide 
excellent free lunches which are benefits 
offered at present? Stricter budgetary con- 
straints may well be appropriate whilst main- 
taining a measure of support. We suggest a 
compromise with a policy of “members first” 
for bookings, but with uncommitted places 
open to non-members a few weeks before the 
event. The next meeting we have planned 
should arouse great interest. Michael Davies 
will arrange a teach-in with the title “New 
Concepts in the Pathogenesis of Arhero- 
sclerosis”. The date will be Tuesday 10 
November. No-one can claim to be familiar 
with the new concepts, because by November 
more progress will surely be known to the 
cognoscenti in an area that moves with 
breathtaking speed. You can book now (if you 
are amember).... 


Society staff 

The Society is becoming ever more busy. 
Apart from Council we have 7 active commit- 
tees, 5 affiliated groups which are likely to 
make increasing use of the facilities at Fitzroy 
Square, currently 2 working parties, large 
databases at the University of Sussex, and 
active involvement in many areas including 
an increasing liaison with the media. To 
manage these disparate interests we have a 
small dedicated staff comprising only an 
executive officer, an assistant administrator 
and book keeper, a part time secretary, and a 
part time graduate assistant for database 
entry and management. If the Society is to be 
efficient in all these areas we need more staff 
and this policy is being pursued. We hope to 
recruit a new senior administrator who will 
work with our executive officer and oversee 
the full range of our operations. We need 
another full time secretary, perhaps shared 
with one of the other new occupants of our 


house. More will be written on this when 
plans have been approved or modified by 
Council. 


Society officers and council 

Some important changes are already well 
known. The Society has elected John Parker 
as President Elect, and we look forward to the 
first Surgical President in less than a year from 
now. The field was strong and voting under- 
standably close, but all will be pleased that 
conspicuous service to the Society over many 
years has been recognised. John Cleland—the 
new Assistant Secretary-—-takes on a burden 
which will become ever greater with the 
increasing activities of the Society. Roger 
Boyle adds to the strength of District General 
Hospital cardiologists on Council. Many will 
gee this as correcting an imbalance that has 
caused some comment in recent times. 


Affiliated Groups 

Changes have also occurred in Affiliated 
Groups. Huon Gray has taken over from 
Peter Hubner as Secretary of the British 
Cardiovascular Intervention Society. To his 
predecessor, Peter Hubner, goes much credit 
for the notable influence of BCIS in our 
specialty. In particular, Peter worked with 
exemplary patience and determination in the 
collection of data on cardiac interventions 
from 1988 onwards. This is not an easy task 
but audit is important to all, not least to the 
cardiologists who have chosen to work in an 
area for which guidelines are yet not fully 
agreed. We omitted to mention that the 
President of the British Nuclear Cardiology 
Group changed in January; it is now Steve 
Walton. The post rotates each year, and in 
future we will try to keep up to date. 


Working Party: DGH cardiology 

The Working Party on Cardiology in the 
District General Hospital, chaired by 
Andrew McLeod, has now been completed 
and will start work soon. The members are: 
Mahendra Varma, Roger Boyle, Ian Findlay, 
George Green, Jane Flint, Michael Martin, 
John Sanderson, Richard Wray, Nick Brooks 
(representing cardiac centres), and Robin 
Sadler (representing general practice). Any 
members with suggestions for topics that 
should be addressed may wish to contact one 
of the members of the working party. This 
can be done either directly or—if members 
find it easier—through the Society Office. 
Those who are interesting in making sugges- 
tions may find it helpful to look at the previous 
report that was published in the British Heart 
Journal in November 1987 (58:537). 


Electrophysiology 

We have concerns about the future of electro- 
physiology in the United Kingdom. Our an- 
xiety has been expressed in a letter addressed 
to Duncan Nichol at the Department of 
Health, signed by Brian Pentecost represent- 
ing the Cardiology Committee of the Royal 
College of Physicians, by Richard Sutton for 
the British Pacing and Electrophysiology 
Group, and by one.of us for the Society. It 
addressed the present lack of stretegic plan- 
ning for the development of major clinical 
services. Previously, new needs could be 
discussed with regional health authorities. 
This was not always satisfactory for a national 
perspective, but initiatives relating to supra- 
regional services complemented the usual 
planning arrangements. In the current 
climate some regions believe that all new 
developments should be discussed with 
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potential purchasers, but this is not an 
appropriate way to develop a service that 
needs national coordination for a sensible 
distribution of units with adequate funding 
and appropriately trained staff. The combina- 
tion of great need, the potential for effective 
and often curative treatment, and the neces- 
sity for both highly specialised skill and 
dedicated facilities make a powerful case for a 
new method of strategic planning, and within 
a priority suggested in Health of the Nation. 
We need a programme of capital investment 
in the existing major electrophysiology units 
to increase their scope and efficiency, coupled 
with a planned development of new units 
phased over several years with the ultimate 
aim of one centre in each region. 


Busy cardiologists 

A health district without a trained cardiolog- 
ist is unlikely to provide a reasonably compre- 
hensive service appropriate to the 1990s. But 
the deprivation may not be apparent to gen- 
eral practitioners or to patients who are not 
fully aware of the potential benefits of modern 
cardiology. The situation is different in dis- 
tricts that do have a cardiologist, but a 
workload that is unmanageable. The need is 
recognised but cannot readily be met. This is 
likely to be the uncomfortable situation in 
large districts with only one physician trained 
in the specialty, especially as he or she is likely 
to have general medical commitments as well. 
We have conducted a survey of cardiologists 
who have single handed responsibility for 
districts with a population of more than 
250,000. We hope this will provide useful 
ammunition in our struggle to achieve 
adequate staffing levels. A total of 45 of our 
colleagues are in this situation. Unfortunately 
some have been so busy that they have not yet 
completed their questionnaires, but they will 
forgive us for pursuing them. It is an excellent 
cause. 


Senior registrars absent for GIM train- 
ing 

Some of our cardiac centres find major dif- 
ficulties in adhering to the current guidelines 
of the Specialist Advisory Committee that 
one year of senior registrar training must be 
in general internal medicine. They are left 
without a valuable member of the service 
team and the service can suffer greatly. ‘The 
pretence that senior registrars are super- 
numerary for training alone is unrealistic, 
unworkable, and even undesirable. The cen- 
tres often face the problem that no locums are 
available with suitable training. For some 
there may be a solution that could be con- 
sidered, though funding has to be available. 
One of us has recently spent four fascinating 
weeks in South Africa. In Capetown (Groote 
Schuur Hospital) there are a number of 
excellent and well trained senior registrars 
some of whom would be glad of an opportun- 
ity to spend time in Europe. There will be 
others in different universities and, perhaps, 
not only in South Africa. Would it be useful 
for the British Cardiac Society to help 
arrange such placements where the excellence 
of overseas trainees can be guaranteed by 
trusted contacts? Please write if you have 
views. 


New resuscitation guidelines 

We had insufficient space in the May News- 
letter to mention the meeting of the American 
Heart Association for new guidelines in re- 
suscitation. This took place in Dallas in 
March. Your President was an invited 
speaker and co-chairman of a session on 
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International cooperation. Cooperation is of 
special importance now that we have a 
European Resuscitation Council. By chance 
on this occasion, but perhaps by design in 
future, both the new American and the new 
European guidelines will be announced 
almost simultaneously (November 1992) res- 
pectively in JAMA and at Resuscitation ’92 
which is the ERC meeting to be held in 
Brighton on 20 and 21 November. Delegate 
registration packages are available from the 
Society. 


Other meetings 

We have a number of other meetings to draw 
to your attention. First, the “3émes Journées 
Européennes de la Société Française de 
Cardiologie” that will take place in Paris on 
14-16 January 1993. We have attended this 
meeting and been impressed by the determin- 
ation to make it European. Simultaneous 
translation is available, for example, in the 
main auditorium. The deadline for the sub- 
mission of abstracts is 15 July. We can 
provide abstract forms and additional infor- 
mation. We have also been asked to draw to 
your attention the Congreso Iberoamericano 
de Cardiologia, to be held in La Rdbida 
(Huelve, Spain) on 6-10 October. Abstracts 
may be needed by mid June. We can provide 
more information. 


Prevention in medical education 

John Goodwin has written as Chairman of the 
National Forum for Coronary Heart Disease 
Prevention: “A new report entitled ‘Coron- 
ary Heart Disease Prevention in Under- 
graduate Medical Education’ has recently 
been published by the National Forum for 
Coronary Heart Disease Prevention, in 
association with the British Heart Founda- 
tion. The report follows a meeting attended 
by delegates from cardiology, public health 
and general practice, from medical schools 
throughout the United Kingdom. It was 
chaired by Desmond Julian and the President 
of the British Cardiac Society. A survey of 
medical schools revealed wide variations in 
the commitment and time devoted to teaching 
students about prevention issues. One third 
of respondents from departments of 


medicine, including cardiology, indicated 
that examination questions on the prevention 
of coronary heart disease were never set. The 
majority of respondents, however, saw a need 
for change. The report points to considerable 
scope for improvement, provided an inte- 
grated approach is coordinated throughout 
training. It recommends that teaching on 
prevention should be part of clinical car- 
diology teaching. The whole hospital and 
medical school environment should support 
prevention. A research officer, funded by the 
British Heart Foundation, has recently been 
appointed by the National Forum to work 
with medical schools to develop guidelines 
and resources to improve teaching. The 
report has been sent to all United Kingdom 
medical schools and to the General Medical 
Council. Further copies are available from 
the National Forum for Coronary Heart 


Disease Prevention, Hamilton House, 
Mabledon Place, London WC1H 9TX 
(E93). 


Proposed British Association of Cardiac 
Rehabilitation 

Hugh Bethall has also written to us: “The 
provision of cardiac rehabilitation in the 
United Kingdom has grown enormously over 
the past 10 years. This growth has been 
haphazard depending upon local enthusiasts 
with littl overall planning or guidance. 
Recently a great boost to rehabilitation has 
been provided by a funding initiative from 
the British Heart Foundation and the Chest 
Heart and Stroke Association. There is now a 
need for an organisation to provide a forum 
for the professionals of many disciplines who 
are involved in cardiac rehabilitation. ‘The 
inaugural meeting of the British Association 
of Cardiac Rehabilitation will be held at St 
Catherine’s College, Oxford, on Saturday 26 
September. Topics to be discussed will be 
education for rehabilitators, fund-raising, 
liaison with other national rehabilitation 
Organisations, and the functions and struc- 
ture of the new Association. The proposed 
Association will be multi-disciplinary. 
Several members of the British Cardiac 
Society are on the steering committee, and it 
is hoped that cardiologists will be well 
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represented at this meeting. Application 
forms can be obtained from: Action Heart, 
Wellesley House, 117 Wellington Road, 
Dudley, West Midlands DY! 1UB.” 


News of colleagues 

We propose to provide a paragraph on news 
of colleagues. In future this will include 
announcements of appointments and 
retirements. But we end this newsletter on a 
sad note by recording the death of James 
Fleming who went to Sheffield from Barts a 

little over 20 years ago. 
DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
DUNCAN DYMOND 
Secretary, British Cardiac Soctety 
9 Fitzroy Square, 
London WIP SAH 





NOTICE 


Third European Meeting of the 
French Society of Cardiology 


Palais des Congrès, Paris, France, 14-16 
January, 1993. 


Information and call for abstracts: 
S.C.F. 
15, rue de Madrid 
75008 PARIS, France 


Phone: 33 1/43 87 95 14 
Fax: 33 1/43 87 17 14 


Registration: 
Albine Conseil 
16 boulevard du Parc 
92200 NEUILLY/SEINE, France 
Phone: 33 1/47 47 57 37 
Fax: 33 1/46 40 70 36 


Deadline for abstract submission: 
15 July, 1992. 
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THE HEALTH OF THE NATION: THE BMJ VIEW 
EDITED BY RICHARD SMITH, EDITOR OF THE BMJ 


“a strategy imposed by the government which takes no heed of the views 
of those who will have to implement it . . . is valueless”. 
So writes William Waldegrave, Secretary of State for Health, in his 


iN. fix i i f | ee 
introduction to The Health of the Nation, the government’s consultative THON 
a — THE BMJ VIEW 


document that sets out a strategy for improving the health of the English. 
Taking Mr Waldegrave at his word on wanting to listen to everybody, the BMI 
commissioned a series of articles that explain the views of some of those most 
concerned. Contributors discuss each of the 16 key areas defined in the strategy 
and suggest other subjects that might qualify as key areas. One article, from 
the Radical Statistics Health Group, is strongly critical of the strategy; others 
are critical of various aspects of it, but almost all of the contributors support the 
idea of setting targets for improving health. Originally published in the BMJ, 
this collection of articles is an important contribution to the debate on how to 
achieve health for the nation. Furthermore, the articles will be useful beyond 
the borders of England because most developed countries are now setting 
strategies to improve health. 





UK £9.95; Abroad £12.00 (BMA members £8.95 or £11.00) 


Pannaan PaTTIMMTE aNNMENE | CLEARING THE AIR—A GUIDE FOR ACTION ON TOBACCO 
2 ee Sea MARTIN RAW, PATTI WHITE, ANN McNEILL 


This practical guide provides an innovative approach to the analysis of tobacco control 
initiatives, resulting from cooperation between the British Medical Association, World 
Health Organization, Commission of the European Communities. 


ATR o It draws on the experience of tobacco control advocates around the world through a set 
ey of case studies, each describing a particular action or programme, and highlights the 
s o = reasons for success. Included are classic campaigns for legislation in Australia and 
Canada, different approaches to the control of tobacco advertising, and action at 
community level. Uniquely, each case study finishes by listing key actors involved in 
the story, who can provide readers with further information. Finally, a substantial 
resources section listing key organisations and resources worldwide will help readers to 
take the next steps to action. 


Clearing the Air is essential reading for anyone interested in the tobacco industry and 
how to campaign successfully for change. 


Clearing the the 





UK £6.95; Abroad £7.95 (BMA members £6.45 or £7.45) 
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The future is bright 


“Many articles are neither read nor cited; indeed many articles are poor. In general 
many journals seem to be of little practical help to clinicians facing problems at the 
bedside.” 

<.. . in the course of a year at least half the journals on the shelves are never looked at 
at all.” 

“Most editors... are ‘half nun, half whore.’” 

“in the 300 years of their existence journals have done little to examine their own 
practices.” 

“What are editors?” 

““Tf an editor does not please himself,’ he used to say, ‘he will not please anybody.’” 
“Defensive editing we do not need.” 

“Medical journals in developing countries are, with very few exceptions, unattractive.” 
“I believe that the future for general medical journals—particularly those published 
in English—is bright. They will undoubtedly change, but they will not disappear.” 


he debate was lively and the opinions conflicting and forcefully expressed 

when, to mark its 150 year past, the BMI decided to join with other general 
medical journals in examining their perhaps not too certain future. At a conference at 
Leeds Castle editors of major general medical journals throughout the world, with 
experts in information science, sociology, and epidemiology, discussed the functions 
and effectiveness of modern journals, and debated possible choices for development. 
Edited by Stephen Lock, The Future of Medical Journals is a unique compilation of 
papers on this important but little analysed aspect of medical science. 
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UK £14.95; Abroad £17.50 (BMA members £13.95 or £16.50) 
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What’s best for patients? 


New drugs are continually being developed and knowledge about existing drugs is 
constantly expanding, so it is essential, but difficult, for doctors to keep up to date with 
the latest developments. New Drugs describes the most important therapeutic advances 

_of the past decade and discusses the drugs that will be in common use in the 1990s. 
Completely revised and updated, this second edition has been expanded to include 11 
additional chapters. Its coverage of practical aspects of drug use, avoidance of adverse 
reactions and interactions, and prescribing at extremes of age makes it an invaluable 
guide for busy practitioners who want to get the best out of the new drugs currently 
available. 





Chapters include: Adverse reactions to drugs @ Calcium antagonists 

è Diuretic treatment @ Antiarrhythmic drugs @ Insulin © Lipid lowering drugs 
e Antidepressant drugs @ Centrally acting drugs © Controlling symptoms in 
advanced cancer 


UK £14.95; Abroad £18.00 (BMA members £13.95 or £17.00) 









CONTROVERSIES 
IN THERAPEUTICS 


Doctors do not always agree on what is the right treatment even for quite common 
conditions. Often definitive clinical trials have not been performed and no one 
knows for sure the best way to treat. Controversies in Therapeutics looks at some 
problems that arise in general practice. For each one it offers two different 
approaches; and Peter Rubin, professor of therapeutics and consultant physician at 
the University Hospital of Nottingham, provides an editorial comment on these 
which summarises the prevailing views and helps you to make up your own mind. 
Written by academic experts with everyday clinical experience, Controversies in 
Therapeutics is a must for all physicians and general practitioners — both those who 
think they know it all and those who know they don’t. 







Chapters include: Role of diet in treating atopic eczema @ Risks of dependence 
on benzodiazepine drugs ¢ Thrombolysis and the general practitioner 

è Depression in childhood @ Theophylline in the management of airflow 
obstruction © Management of constipation 
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UK £9.95; Abroad £12.00 (BMA members £8.95 or £11.00) 
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JOURNAL OF NEUROLOGY, FORTHCOMING PAPERS: | 
NEUROSURGERY AND @ The accuracy of clinical diagnosis of 
PSYCHIATRY idiopathic Parkinson's disease: a 
Focuses on clinical neurology, clinicopathological study of 100 cases 
neurosurgery, neuropsychology, ‘ a a 
neuropsychiatry and closely related | í 
experimental work, Established in 1920, @ A study of reglonal cerebral blood 
with a reputation for maintaining the ee in 
highest standards in selection of material j TOR rien, $ Eagger, G M Š Syed, 
for publication, features include full- B | Sahakian, R Levy 

length scientific papers, reviews, short © Seis E EEE peacoat 


reports and letters. Each issue presents relation to hyperglycaemia and diabetes 
an editorial concerning a recent advance L Kiers, S M Davies, R Larkins, 


or area of current controversy. The | Hopper, B Trees, $ C Rossiter, 
joumal includes the proceedings of the | Carlin, S Ratnaike 

meetings of the Society of British @ The natural history of multiple 
Neurological Surgeons, and of the sclerosis: a regional study with some 
Association of British Neurologists. longitudinal data 

Essential reading for clinical neurologists, D H Miller, R W Homabrook, G Purdie 
neurosurgeons and psychiatrists, and for @ Chronic demyelinating 

nonclinical research workers in related polyneuropathy associated with 
fields, Journal of Neurology, eosinophilia-myaigia syndrome 
Neurosurgery and Psychiatry aims to ML Freimer, j D Glass, V Chaudhry, 
provide not only a reference to be a ie edie R Comblath, | W Griffin, 
consulted in every medical library but | 
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